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INTRODUCTION 
4 the Englich Translation 
» 
Profesay B. W. MacBride, DSc, PRS. 


It offering to English readers a translation of Prot, 
Rignano's work, “ Biological Memory,” wo should 
like to cal atteation to two facts—fit, that the title 
couveys no adequate idea of tbe importance of the 
Ahoory set forth a it: Prof, Rigmano aims at nothing 
Jew than an exhaustive analysis of the differences 
which distingulh Uving from one-tiving substance 
and he attempts to account for these differences as the 
manifold fects of « single quality ; and secondly, he 
acknawiedges in the preface that although he has 
Gealt with all the phenomena of Ifa Lncluding those. 
‘of mind, he ia nat a specialist lo these matters, but 
boas considered them from the philosopbic point of 

Af we coosider the second point first, we may 
‘support Prof. Rignano's plea that in treating of such 
fundamental questions as the nature of life, there is 
oom for the syathetlc phiJesopher who is able to take 
‘a broad outlook over the whole fiekd and to emphasise 
‘what appear to him to be the real points at issue, 
In the present state of science, when such extreme 
specialisation is necessary in ander to make it posible 


BIOLOGICAL MEMORY 


for the researcher to obtain any renslts at all within 
‘he span of a human life, the outlook of the scientific 
wwocksr is apt to be 40 restricted that Be ia unable to 
tea the wood for the treet. But the synthetic 
‘Philosopher labours uslder the great disadvantage of 
Ihaving to tale all his facts second-hand ; and conser 
{quently is liable to base his conclusions on observations 
‘which workers in the sobject consider obsalete ot badly 
fctested. Prof: Rignazo is acutely conscious of this 
‘handicap and he exprenaly pats forward his theory ss 
provisional hypothesis, which he expects to be 
sribjected to much critica ; ay more he invites 
catia by the expert in special Selde in order that 
Ihe may be in a position to modify his viewn 10 a1 to 
Tring them isto better accordance with ascertained 
facts 


TE Prat, Rigntoo realy had been able to elabarata 
theory of Life which was complete and satistactory 
in al it details, he would have succeeded in solving 
‘one af the main problems of our existence ; and snch 
fortune is greater than Nature allots to auy man, 
To none of us is granted more than to Lift a small 
‘corner of the covering concealing that veiled Ixis the 
Truth; whilst those of us who ave eucceeded in 
oing #0 aze too spt to imagine that what we heve 
thus revealed is the whole truth instead of only a small 
part of it. It is instructive to observe how every 
iscoveres of a new principle strives te apply it to the 
solution of every possible question, in a word, to run 
it to death. In bis enthusiasm: for the new troth, its 
fest promulgater inevitably damages it; for his 
opponents fasten on the cases to which he tries to 





spply {t where St doce aot apply and thus they attempt 
‘ta being the whole thing into discredit. 

‘Wenow revert tothe frst point which we canphasised 
vir, the theory itself, and we may say at once that. 
although we contider thet this will require mach 
‘modification in detall, we regard It as un astoundingly 
snaceesiful effort to analyse vital phenomena, If ie 8 
not the truth, it at Jeast bears a strong resemblance to 
‘what the truth must be. It may be divided into two 
‘parts, the biological and the peychological ; in what 
follows we shall deal almost exclunively with the 
biological portion ; leaving to other experts the task, 
of arlticisiog the paychological part, We ormnot re- 
ftraln, however, from remarking that we consides Prof, 
‘Rignano’s analytis of mental functions extracrdinarily 
Interesting and suggestive; his methods of interpreting 
reason, attentioa and will are in many ways clearer 
‘tod more conviscing than any which we have so far 
ocountered in the writings of other paychologiats, 
But we most register our entire distent from hie 
‘sornful diamianal of metaphysical reasoning. [f this 
‘translation is as widely read ax we hope it will be, 
we anticipate that Prof. Rignano's remarks will 
provoke auch a “repercustion on the put of 
motaphysicians as will induce him to codify his 
Position, “Metaphysica which deals with the bjectiva 
element in experience bas as good « fiatification for 
HMvelf as science which deals with the objective factor. 

Lf we now examine the biological portion of Prot. 
Riguano’s theory we find that be discovers the eseitial 
ifieconte between living and non-living things to bs 
hia —Bving things remember, dead matter does 
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otremember. But the word“ memary "is employed 
‘by un to denote two different things, When wo recall 
[Peat exparlences—faces that we bave scen end places 
thet we have vilted in the pest—we are sald to 
remember them, and this may be termed semsotial 
memory. When again we have carat to play» yume 
ike tear, or acquired an accomplishment ach ax 
‘swimming, in oar youth, and for many years bave bad 
‘nn oppoctunity of exercising our aki in either reepect, 
‘then if im middle life we are called ou either to play 
‘teoxis or to uwim we shall cd that a great deal of the 
fc which we once acquired, though sot all, still 
remains with ws; this may be termed habitudical 
memory. We as living beings possess both kinds of 
mewvory, bot when weaiory is regarded a2 « universal 
attrbute of living substance, i sof course habitndinal 
‘memory that is meant. So far as we yet know we ure 
ot justified in attributing sensorial memory to ax oak 
tree, 


Prof, Riggnano terms his theory “ centro-epiganetic;”” 
bby this he means that the fertilived egg embodies in its 
‘avclems all the memories acquired during the past 
history of the race, and that when it begins to develop, 
‘ll these memories are banded on to the daughter 
amuclel which are developed from the division of the 
‘eay-nuclens intact, but that very soon one part of the 
growing embryo acquires a dominance over the rest 
ted 10 to speak leads in the development, This 
governance Prof. Rignaoo pictures as 2 series of 
impulses emitted by the nucle of the central cone 
‘which radiate out to all parts of the ergunism and 
control its development ; the nuclei ontside this sone 
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‘are supposed to have their powers gradually suppressed 
‘and to be eventually reduced to a specialised condition 
in which they ao longer possess more than » fraction 
of their axgina? potencies 

‘The paths along which these influences radlate are 
supposed to be the ictereelinlar bridges connecting 
calls together. As the aximal grows and increases ia 
conoplication of structure, some of these beldges are 
converted into nervous Sbres, and in animals which 
have a developed nervons system the central sane is 
supposed to be constituted by a portion of this aystem. 
‘Ths trophic influeace ofthe nervous xystem io animals 
‘which poasess itis woppoeed to prove that all infiueaces 
bby means of which one part governs the development 
of another acé at bottom of a netvous natant. 

‘When an organism excounters a new coodition of 
‘the environment it is not pamively changed ar « 
similar piece of dead substance would be, but it 
‘ rencts,” that is, ¢ responds to the change by a 
active output of energy. This is termed a "reaction." 
‘Now Riguano assumes that a renetion leaves some 
Ido of trace of itself in all the mace of the body 
jncluding those of the central zone. This trece is 
‘what is termed memory. It bas the power of facilh 
tating the reprodaction of the resction which called it 
forth—to that this reaction occurs the sgoond time ns 
response to a alighter stimalus or is even evoked by & 
portion only of the stimnlus which originally called it 
nto being. This recurrence of a reaction 1s 8 resoit 
of the return of a portion of the orighsal condition is 
‘termed eephary,” « name iavented by Semoa, 

"The germ ceils do not form part of the central sons 
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cof the animal, bot they receive materials emitted by 
‘the mucle of the cells constitnting this zone. These 
latter contain the real fective germinal substance : 
‘that is the aubstance made up of the various spect 
‘mnemoalcaocamslations which constitute phylogenstic. 
‘memory. When the germ cells develop, the traces” 
‘which they contain become active one after another, 
‘und bring about responses in the growth of the embry 
‘which cause it to pass through « varies of stegrs which 
represent the stages through which the rice passed 
when theve memories were originally acquired. 
“Instincts” are but the engralned memories of 
former “ voluntary” reactions ; when the memory- 
‘traces become very powerfal owing to the aocumur 
Jation produced by ax exormous numberof repetitions 
carried out throngh nambertese gonerations, then they 
Are able to produce the appropsinte reaction in ree: 
‘Pouse to m very Wight stimulus or in the abeenca af a 
stimulus, Thos is explained the existence of instincts 
degned for fature purposes of which the animal in 
which they become active cam bave no knowledge, 09 
‘when, for instance, the Ichnewmon fy pieroes the body 
of the caterpillar in order to ley its egg which will 
develop into the fy which the coother will never soe, 
‘Now the main-outlines of Rignazo's views have been 
cexperisoentally proved to be correct. That habits 
called forth as reactions to « changed environment 
become easier with constant repetition, we all know 
‘8 a retulé of our own experience, but few realise that 
fn the last twenty years the fact that the results of 
abit are carried over into the oflpring has been 
experimentally demonstrated by carefully devised 
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crucial experiments. Tae possibility of this trans- 
‘ission was dogmatically denied by Weismann, on 
‘the ground of his own crude thearetica? conceptions 
of the structure of proteplasm—s conception which 
‘has been made to look ludicrous by the researches of 
Hortwig, Drlesch and others of that school ; and this 
dogma uncritically copied from text-book to text- 
book has acquired in many toological minds something 
of the fixity of a religions tradition ; st has indeed, 
awakened what Rignaso would call strong “ aflec- 
tivity " fo ts support amd those imbued with this 
“ afiectivity ” have left no stone unturned to damage 
‘the credit ofthe results which overtum ther favourite 
ogra. 

Kammerer in Vieuna and Durichen in Breslau have 
both shown that in animals which react to diflerences 
An ihursination by e change i their skin colour, this 
‘esction oocuss in greatly increased degree {€ a s¢cand 
‘generation is exposed to the same conditions as theit 
parents, and even when the second generation are 
svtumed to what may be called the typical conditions 
of the species, the rection still shows itelf expecially 
during the sertior sages of growth though, of courte, 
in lessaned degree, 

Durkhen worked with the gupe of the white 
Tutterfiy. These pope bave usually ap integument 
of chalky white coloar, but im about 4 per cent, the 
cuticle ia transparent and then the snimal appear® 
(geen owing to its green blood shining through. When 
‘hese pupe are expased during the process of Pups 
tion to orange light the formation of thio cholky 
‘white pigment is interfered with and 65 per cent 
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‘become green; when a second generation are expored 
‘o similar conditions, 9§ per cent. become green} and 
‘when this generation are reared in ordinary daylight, 
34 per cant, sti become green. Durkhen's results 
Ihave beea repeated on the peacock butterfly (Vanessa 
ie) im Viena by Miss Brecher and confirmed. 
‘Kammerer worked with the spotted Salamander 
(Selemandes macelssa), which in two generations he 
converted into x form indistinguishable from tho 
‘ack Salamander (S.2ire). In addition, he succeeded, 
in a marvellous way in “ ecphorising ” lort habits in 
the midwife toad (Aiyles odctericans) and in the blind 
cavenewt (Proteus anguinens). The midwife toad in 
contradistloction to all other toads palrs oo land, 
‘and the skin of the female remaios dry aod boray ; 
the male therefore experiences no difcalty in retaining 
“thald oe his partner and he is devoid ofthe horny pad. 
‘on his hand which other male toads which pair in 
‘water bave developed in order to enable the to keep 
the slippery female within their embraces, But the 
midwife toad ix without any doubt secondary 
‘modiscation of the ocdinary type of water-inkabiting 
toad, and Kammerer sucoseded in accustoming the 
midwife tood to pair in water and ia five geueratioes 
hhe successfally “ ecphorised “the horny pad in the 
maale, The blind cavenewt bas loet its eyes by 8 
‘solout for thowmada of years in complete darkness, 
but by subjecting the young to periods of iussinatton. 
by raby light Kammerer " ecphorised ” perfect eyes 
endowed with powers of sight in one generation, 
‘The Alytes with the horwy ped and the Proteus 
with the large eyes were exhibited at the Linnean 
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‘Society in London in xg23. Mammerer's critics in the 
‘vain attexpt to discredit his evidence were dives to 
assert that in the ordinary amphibian the horay pad 
‘never appears on the galar surface of the band in 
amphibia, but only on the dorsal aspect! Sarely 
cause which is in need of such argements is lott { 
Suraly the distinguished biclogist who made this 
statement had never demonstrated to an elementary 
class; it is impossible to look at a dozen frogs in the 
‘eeeding seuson without socing the extension ofthe pad 
to the polar surface in most of them. 

Herbert Spencer once termed the demonstration of 
‘the transmissibility or the noa-tracimissibility of the 
fiects of habit, the cardizal problem in biology ; for 
on Sts answer depends our estimate of the rial value 
of education, und of course the whole validity of Prof. 
‘Rignano's Gheory depends upan the assumption which 
Kemmerer and Darkben have shown to be carrett. 

‘The next point in Prof. Riguano's theory is that ia 
Aevelopmest, one particular portion of the embryo 
‘assumes the lead and dominates and contrals the fate 
‘of the rest, Now this has also been proved to be 
Aterally trae in many cases, and it is therefore « fair 
sruraption that it is trae in all. Speman and his 
Papila have hows that in amphibian development 
the central sone is constituted by the dorsal lip of the 
Dlastopore is the gastrula stage. This dorsal lip in 
normal development forms a portion of the spinal 
cond, Triton slpestris and Triton inenietus are two 
owts which produce oggs and exbryes of difereat 
degrees of pigwentation. When a small portion of 
the dorsal lip of the blastopore of one species is 
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grafied on to the upper part of the blastula of the 
second, it can be recognised by its pigmentation, 
‘The foreign tisear then controis the development of 
‘the egg with which it bes been brought into 
contact and causes the formation of s spinal cord and 
notochord ia the laiter, startiog from the position 
where the new tianue has been introduced. 

‘The Opbinrid Amphiuns syvamata in mall brittle 
star with a rounded disc and Sve arms radiating 
from the mouth, situated ou the ventral surface, 
‘The disc contains the stomach and the genite! organs, 
The whole diac is often spontaneously cast off, leaving 
only the framework of onicles surrounding the mouth 
to which the arms are attached; embedded in this 
framework is the highly developed nervering. 
Starting from this basis the animal is able to re- 
ipenerate a new disc, including the stomach, but the 
old dise cannot regenerate new seme, 

‘The feather-star, Antalon rosaces, pomsenses a 
conical disc ad ten graceful arms with ieteral branches 
termed pinnules radiating out from the mouth, 
Sucrounding the mouth is a tleader nerve-ing com- 
‘parable with Uhe more highly developed nerve-rng of 
‘the britleatar. In the apex of the disc however, 
‘opposite to the mouth, there is embedded an inde 
pendent and nmch more powerful nervous system 
‘hich 16 derived, not like the nerve-ings alluded 10, 
‘com the skin, but from the wall of the body cavity. 
Ef the disc of the festher-star be gouged out and the 
whole of the alimestary canal, genital orgunt and 
nerve ring be removed, the activities of the enimel 
‘are not much interfered with, and in « short time it 

10 
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segenerates an enticely new alimentary canal and 
servering, but i the large uerve centre sitnated in the 
‘apexis destroyed, the animal is permanently paralysed 
end soon dies. The main nervous eystem seems in al} 
‘hese cases to be the contraling factor in develop- 
sent. 

‘The function of taste ix mumarnals is cartind out by 
minute " buds” of specialised sense-clls situated in 
the sides of the circumvallate papille of the tongue. 
‘Thee ooly appear in development when the branches 
of the wventh nerve reach the epidermin; when these 
‘branches are cut the taste-bods speedily disappear, 

‘The theory. however, that one part influences 
another i development by means of impulses of & 
nervous nature, emanating froct the avcld, requires & 
considerable amount of modification. First we must 
notice that oue part of the embryo, besides acting on 
the rest by impalses of this kind, bas also the power of 
Inflvencing it by means of substances called “ hor 
monet" which are thrown into the cisculation and 
carried to all parts of the body. Thus if the thyroid 
land of a tadpole be cut out, the tadpole wil grow in 
size, but wil never metascorpboee Soto a frog, but if 
such a tadpote is fed on the thyraid of an ox, metar 
smorphoss speedily follows. fina man the pituitary 
Gland underneath the brain grows to an abuorztal 
tite, the men becomes a giant, wheress if it remain 
small the man remains a dwarf with infantile 
characteristicn, It has been quite recently shown 
that this double method of transmitting infoeace 
‘exists in plants 2s well as in animals. In the seasitivo 
plant imitation can be hanéed oa when the living 
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‘ismes are completely cat through and only the wood. 
remains; it is then carried by a chemical substance 
(hormone) dissalved in the water of the transpiration 
carrent. But 2 quicker infuence is carried by the 
phloem which seem to act as x nervous eystem. 

Secondly it is extremely doubtful if impshes can 
Properly be suid to proceed from the nucleus at all, 
‘An Ameeba deptived of its macieus continues to live 
for some time und exhibit all the characteristic 
reactions of the animal, but it in unable to amimilate 
food, repair waste and build up new protoplasm, Tt 
fiama to be mare fast to regard it 98 the function af 
‘the nucleus to verve as x anenufactory of new iritable 
substance by the explosion of which the impulses are 
produced. 

Another view of Prof. Rignane's which requires 
sodification ia the theory that the muck lying 
outside the central zone become progressievly 
specialised as development goes on. Whilst it may 
‘be true that in old functional calls the nacleus may 
become specialised, it s then veea that the life of the 
‘cell in which itis contained is tending towardsan end, 
for euch muclei eannot undergo rexolar division or 
‘tefuvenation. So Jong as a nucleus is capable of 
dividing by ardinery kasyokinesis it shows by ite 
definite and typical number of chromosomes that it 
‘has retained all the potencies of the original noclens 
of the fertilied egg intact ; mit becomes speciahined 
is not the mucleus but the cropletm. In the develop- 
mont of the Ascidian Cynthia when the stage of the 
(istrala is reached there is along the dorsal ip of the 
‘Blastoporn a crescent of cells which Conklin calls 
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‘chorda-eural cells because they give rise both to nerve 
card and to notochord. Each call kas only a single 
ssueleus, but each consista of two separate kinds of 
cytoplasm —a bluleh and a clearer kind. At the 
paxt division of the cell the macleus divides into two 
quite similar ovele, but the clear protoplasm all goes 
into one daughter cell which is added to the growing, 
nerve-cord, whist the call contsizing the blue proto- 
plas Jolna the developing notochord. 

‘Thus the nucless seems to preserve the powers of 
‘the whole organism in itsel whether inside or outside 
the cent zone, and the portion of these powers 
‘which will come to development seems to depend on 
Nocal circumstances. This view which was put 
forward by Dries, is accepted even by Morgan. 

Prof. Rignazo attempts to get nearer the nature of 
this faculty of rommory exhibited by living organisms 
by attebuting life iteelf to a special modification of 
energy, characterised by thin property of leaving 
mnemonic traces behind it which distinguishes i from 
all other forms of energy. This special variety of 
‘eneray i suid to obey the general laws of energetich, 
‘that isto say, we presume, thet it is convertible into 
‘other forms of energy. 

‘This “vitallstico-energetic” hypothesis of Prof. 
Rignano will awaken, we doubt not, « great deal of 
faterest and discussion. We do not think, however, 
‘that it can be upheld ia its present form. We must 
Ask at on08 what does Prof, Rignane mean by a “kind” 
of energy ? Is aot all energy at Bottom one and the 
same, and are not ita socalled esodifications merely 
‘different manifestations caused by its assocstion with 
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ugaregations of matter of different sizes? When 
elections move tlous we have an electric current ; 
when they move in aystems comsected by protons, 
then we have utomic movement which ia manifested 
‘by chemical reaction. When atomsmovein connected 
aggregates then we have molecular movement or heat 
and finally when molecules move in connected 
usees we obtain the gross visible mechanical energy 
of motion. The sowres of the energy manifested in 
‘Vital phenomena isto be found ia the chemical energy 
fof the food which the organise absorbs un io tha 
eoergy of the medium fa which it lives; thus as we 
all know, the vital energy of green plants is derived 
rom the radiant encray of sunlight and vital processes 
fre aonsly tt standstill fn reptiles daring the winter, 
but they wake op asd became active with the 
returning beat of spring. After having operated in the 
living tistues the energy passes out again as mechanical 
movement, or is stored in potential form in the 
chestical energy of the products produced. 

Tt would seem therefore to be more correct to my 
‘that energy manifesta itself in x peculiar way when it 
soters ving tissue, and the question arises what ix 
‘the cause ofthis peculiarity. It seems to.us that there 
‘ue only two possible alternative answers to this 
question, and that there iso way of wedging « third 
‘alternative betwaen them. Either the peculiarity 
dos to the way in which the atoms and zoolecules of 
the living substance are arranged in reference to ons 
another, or there isin every organism a something.” 
aan “ entelechy ” or“ paychoid ” which feel, remem- 
bers, and strives towards an end, which directs and 
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combines foroes, but is not itself a force. The fist 
alternative ix the materialistic ar physico-chemical 
fone, which was frankly adopted by Huxley, who 
eines an animal as a “ molecular machine of great, 
‘complexity " ; the second alteroative is what Prof. 
Rignazo calls the psychowvitalintic one, which. thong 
Jong ander & cloud, bas been revived and pressed with 
‘great force by Drissch and ts adopted by our leading 
comparstive peychologist, Wiliam MacDougall, 
‘Drissch shows ia detail and Prof. Rigoano would 
‘agree with bim, that no machine could possibly be 
Imagined which would pecform like a living being ; 
‘and the only answer which his opponents can make is 
‘tat whilst this is true now and bere, yet in the future 
owe mupernul transcendental machine may be 
conceived of which will be adequate to te task | 
n the other hand Driesch's ” oF 
““entelecty ” has been objected to x9 an empty word 
Incapable of definition, Prof, Rigmapo enables vs ia 
ome measure at least to answer this objection. We 
can say that an eatelechy is a group of memories.” 
Further we can say that if, as every evolutionist 
believes, our own usture is akin to the nature of other 
LUving beings, thes as m0 one, not even Sir Charles 
Sherrington himself, conld or would deny that there 
is 4 “subject ” ix man, it is more natural to assume 
with MacDougall that thece is some kind of a" sab- 
ject ” in the humblest amorba also, than to establish 
Tietween man and his poorer relations an impassable 
humm by confining the posession of mind to the 
umes race. 

‘Materia as an explanation of human feelings 
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‘and actions proves to be so absard when exexined ia 
detail that i cancot even be consistently stated. 
Even Huxiey wavered, when he stated that “will 
‘wes non-material and that he was not = materialist 
‘because he coald mot conceive af the existence of 
matter without mind to picture it in 

Ut is of great interest that Prof. Rignano attempts 
to bane an explanation of the aflectivities and conse- 
quently of all the feelings which inspire and govecu 
Tbuman action oa biological memory, wad we believe 
‘that be is in large measure right, for in the main we 
desire to rotuin what we are eocustomed to, and 
“becoming accustomed is babitodinal memory. 
Of coure, this ix wot a complete explanation for It 
furnishes 10 account of the desire for novelty and 
change, bat 0s we bave already sald we Inve the 
Actailed criticism of this part of Prot. Rigoano's work 
‘to experts in paychology. 

E, W. MacBuaps, 


Imperial College of Science and Technology, 
London. 


AUTHOR'S PREFACE 


‘Tur author of these eways Is not « biologist in the 
ordinary sense of the word; be has sever worked in 
‘laboratory, nor bas he ever looked at a cell through 
the microscope, nor analysed chesically the product 
‘of & physiological process evaked by any kind of 
otimulas ; be bas never made ex experiment on 
‘muscular caatraztion or on the rapidity of trans 
mimion of nervous exzitation. He ix imply a 
“natural philosopher,” who tzives to unruval the 
heoretical signifcance of the resalts obtained by 
laboratory specialists, with the object of catching a 
Glimpse of ew analogies, of proceeding to new 
(eneralisations, of disclosing new horizons, of framing 
‘now hypotheses, in a word, of attempting to effect 
‘= synthesis and unification of the seiences of Ife. 

If such in bis function, and such are the contri- 
butions which he hopes to make to the progreat of 
the sciences of life, the question at once arises: 
‘What are the advantages and whet the disadvantages 
which he possesses as compared with the specialist 
tn experimental science? I shall endeavosr to 
‘answer this question in the briefeat manner, valely 
in order to justly myself for having ventured to give 
apecial thought to the moat fandamental questions 
of life and cossciourness, though T am not a specialist 
ata, 

‘Toe reasons for considering the “ theorist” oF 
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“natural philopber” inferior to the specialist ia 
experimental ucence are certainly not negligible. 
‘The former never possess the complete picture of 
the phenomena which constitute the subject-matter 
8f his researches, since he only ixows these through 
‘the information inaparted to him by the experimenter, 
Bt what the latter describes and notes in his ex- 
periments and his observations constitute only a 
‘mull part of what be has really seen and obnerved. 
‘A multitude of tccall details, of which the greater 
art hve cot been cousidered by the experimenter 
snificlently importaat to be rentionrd in hls descrtp- 
tions, and af which a large part have even almost 
‘acaped his notice, makes up, nevertheless, a precious 
background, which completes the picture of tbe 
development of the phecomenon. No verbal deactip- 
‘lea, no drawing, acd 0 photograph can evar 
‘epcoduce Ja all its fulloeas the glittering spectacle 
‘Which presents itsel! to the eager and admiring eyes 
of the observer. ‘The theorist might be compared 
to a coloarbiind man, who, in a landscape flooded 
wwith light, perceives only the dry and bald outlines 
of the things ic 

‘Besides, all these small details of secondary im 
Portance which the experimental specialist bes 
observed, but which be bas not described, all the 
‘unvuccesfal experiments, all the proofs sad contraln 
‘which be ls repented before ke has succeeded 1a 
nally entablishing each of his results, and which have 
made up his owe particular apprenticeship, all this 
‘precious material, of which nothing appears in the 
‘written accozat of his work, constitutes a rich harvest, 
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of facta of which the theorist necamarily remains for 
cover ignoruat. The theorist, consequently, in each 
‘branch of science, is pecessarily in poesendion of evel 
lees mumarous details: be is much loss “ master “ 
of tha subject ; much lest coufdent ic his otatementa 
‘about any given detail than the specialist, 

‘Ths theorist, fzally, comnot at once mubsit his own 
‘trociea and hypotheses to the test of experiment, 
nor can be dissipate by means of direct observation 
the various doubts by which he is incessantly assailed, 
For each new experiment of which be bas need, be 
most ave reeaurte to the work of others, and for this 
work ba must very oftes wait ac indetmite time, and 
Ina finds it vary dificult, even if be encounters tbe 
‘beat of goodwill oc the part of the experimenter, 
to arrange that this work stall be carried out along 
‘the lines and by the methods which be desires. Tins 
tn vary samy codes the theotist it a little lke the 
pparalytlc, who is unable to grasp or move anything 
‘tat he sees before him, and therefore may remain for 
1 long time uncertain as to the accuracy of his iden 
about uny given object, which he only sees but cannot 

Bot if al) thove circuustances place the theorist 
in an interior position to that occupied by the ex: 
erimaatal specialist, there are otber aspects of the 
‘case which make the position of the specialist inferior 
to that of the theorist. 

For if we must aeimit that the more schematic and 
-meagre pictures und representations which the theotist 
form of phenomena, coustitate from one pint of view 
4 disadvantage, seen from enother standpoint they 
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age real nod peculiar advantages, in so far as they 
‘permit of a more generalised view of the phenomena 
{in the place of the too concrete view which has became 
imprinted on the mind of the epecialist at a resalt of 
hin prolouged sed careful observations. 

‘Any schematic representation of facts is already & 
generalisation deduced from the otservation of 
individual facts ; itis, in a word, a sycthesia of the 
first order, and it constitutes the first and most 
important step toward the attainment of synthesca 
of higher orders. 

‘The theortt, ia bis purvult of ever wider geosral- 
ations and higher syetheaes, has thes the advantage 
cof beginning st a point more advanced than that 
‘eached by the specials, 

Nolonger escacabered with smoltitude of individual 
facts nnd concrete details, which are actively present 
fn the mind of the specialist, the theorist powesses & 
efeater exse and facility of ascending still higher along 
‘the path of further generalisations and syntheses. 

The theories also much wider opportunities of 
and mock greater facility in getting into touch with 
the actual state of fandamental questions in quite 
diferent branches of science, His time is not taken 
‘up, eveo in minor degree, with actual maaipulation ; 
in a single half-bour of reading be can become ac- 
‘qnainted with results obtained by eny particular 
specialist: results, it mey be, at which this specialist 
thas only arrived after a fall year of amsduows, kong 
‘and dificult experimentation. Beeides, when out 
considers the question of techzique, so delicate, and 
at the same time so diferent in the various branches 
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of science und oven is the diGerent sub-divsions of the 
sama branch, it must be admitted that the spectaliet 
finds great diffecity in passing from one arder of 
Phenomena to snctber. The long apptenticetbip 
novenitated by the matate of certain researches, often 
lands the specialist to perist in following one Line 
‘eheoughout his life, even if this in a very narrow one. 
On the other hand, f the power of getting into tonck, 
1by means of reading, with the essential features of 
any science requires for its attainment a real and 
apeclalized technique—though it may appear to the 
‘aptcalist to be much easier than St really is—tt a at 
least the sorae for all classes of phenomena, 

Consequently the theorist excounters uo dificulty 
‘when be traverses all the divisions and sub-divisions 
cof even a vary wide field of reesarch, t becomes 
thas eusy to him to take in with a single glance even 
the most diverse sciences, and thus to bridge the wide 
sibysaes which still separate them. 

‘Tho thearlt, nally, is lesa exclusive, ess one-sided, 
and more neutral is bis point of view than Qhe experi 
mental specialist. The latter, in fact, does not 
proceed by chance is his observations and experiments, 
bat is always guided, whether comsciously ot un 
consciowly, by some idea, conception or hypothesis, 
which ts cither hia ows, or which he has borrowed 
from someone else, Now, from the fact that he has 
been for 2 jong time, during the whole period ot his 
observations and experiments, an adherent of some 
dominant view, it results thet this view becomed 
crystallised and changed into 2 mental habit sufi- 
dently strong to overpower every other point of view 
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‘which might comfict with it The theorist, on the 
other hand, since be cam take account af the moat 
<iverve and apposed points of view, and since he gives 
‘a the consideration af each ic its turn the samme time 
and the same amount of mental effort, does not 
polarize his mind in any particular direction, and does 
‘ot fee! bimself irresistibly bound to one way of looking 
at things rather than another, 

‘Tans he is better abie to judge with serenity and 
impartiality the arguments and objections of each 
ide, and 0 he often succeeds in extracting from the 
‘many points of view, all more or less oneaided, which 
hhe bas examined, a less one-sided conception, which 
for that very reason will have more chance of corres 
pouding better to what really exists 

Therefore, the theorist may often officiate as an 
{impartial judge in the frequeat, beated, and endless 
controversies in which different schoois of specialists 
endeavour to gain decisive victory. He also some- 
ties vucceeds in solving certain famous alleged 
antinowies, which are usvally regarded as insoluble, 
Dut which, soen in the ligat of broader knowledge, 
‘turn out to be non-existent, 

Uf the state of matters is really os we bave desctibed 
4, then we can understand that the tasks of the 
‘theocist and of the experimental specialist, instead of 
Deing mutually exclosive, are really complementary. 
‘The degree of dominant and capital importance which 
should and does characterise the work of the theorist 
in the biological and peychological sciences, even more 
than in the physical sciences, is due to the fact that 
in the formes group of sciences the mass of individual 
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facts to be systematised is much more complicated 
sand confused than in thelatier group. Farther, inthe 
former group, the independent aub-divsions of the 
nbject are touch more numerous end specialived; 
and on that very eccount the need of co-rdination 
and ayatheaia is arch moce acute than io the latter 
‘group. This, indeed, is the point which we hope to 
Prove, and to bring into greater prominence in the 
‘essays which we have collected this volume, 

Let us add that it is preeminendly biology and 
ptychology which more than any other sciences yield 
‘the highest degree of philosophic interest, bectume 
‘na word, on them depead the solution of the questions 
of vitaliea, of parpove in life, and of the relations 
Dotwees the soul und body. All of these are questions 
‘which, since Man has thought at all, have tormented 
Philovophic minds. Moreover, sioce it is just these 
problems, with regard to which the specialist bar 
nothing to say, which we bave dered to comtider in 
‘tue pages which follow, we may hope that, even om thix 
‘round, the port which the theorist or “natural 
philosopher " bas to play io biology and pryzhology 
fn addition to, and with the object of eyathesieing the 
‘work of the specialists, will not be regarded as entirely 
useless 

E.R 
Milan, 





October, 1925. 
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‘As everyone Knows it was the French 
Lamarck who, at the begining of the nivstomth 


‘underwent evolution, 
Since these modifcations ere transmitted to 
posterity end, consequently, what every generation 
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quizes becomes added to what the previous generan 
tos had acquired, it follows that each species shoal 
gradually become transformed into what would be 
regurded as another species. In this way one might 
copceive of all the Living species being desived frees 
‘the same ancestral stock 

‘Bat this theory of Lamarck which regarded the 
inheritability of acquired morphological modifications 
‘as the emential factor in the evolution of wpecien, 
Whilst 1t hardly mentlosed natural eelection at all 
‘exoapt fo rome vague and animpertant statements, 
‘was for along time peacticaly ignored. 

‘The famous book of Darwin on the Origin of Species 
which appeared about the middle of last century, 
‘was, on the contrary, as everyone kuows, received 
with favour by the majority of neturaliste and 
rapidly acquired wide-spread fame, Without deny 
ing the inheritabiity of the ellects of use and dinase, 
Darwin pushed them into the background as factors 
in evointion in order to bring into prominence the 
factor of selection. Since thet time, although Darwin 
‘bad not mentioned Lamerck’s nume, Lamarck was 
rescued from oblivion and compared or, rather, coa~ 
‘eutted with Darwis, because Laraatek bad overlooked 
the factor of selection and had laid weight only on 
the other factor, viz.. the inherttablity of acquired 
smodtications. 

He benefited, even by this contrast, from ali the 
fame which Darwin's theory bad cbtzined ; 20 wel, 
fndeed, that there arose the two schools of the Neo- 
Lamarckians and the NeoDarwicians who, a3 wa 
iknow, still wage war with cach other; the former 
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pructically accepting culy the factor of the ixheritance 
of acquired characters, the latter admitting only the 
factor of election. 

tis easy to understand what 2 vest synthesis was 
constituted by the bare idea of the evolution of 
apecies, whatever factor in this evolutionary procesa 
one might consider the most important, 

‘All living organisms were seen to belong to one 
enormous family. Man, that favourite of creation, 
stepped down from his high pedestal to mingle with 
‘the bumble ranks of the animals, 

The differences Detwoen animals cod plants, that 
is to may between eings formerly considered animate 
and others which were considered inanimate, Jost ia 
ita turn all appearance of substantial importance. No 
Anyathesis Ja the inorganic world had ever been brand 
enough to be compared with the syothesls effected 
by the transformist theory in the organic world. 

Nevertheless, when the Sst stupelaction which 
‘wat prodaced by the impact of %0 powerful a 
aynthesis had pasted away, people began to examine 
and analyse the contents of the new theory. Whilst 
this patient examination stimulated many to undes- 
take new resarches in the most varled directions, fa 
‘order ta verity the more obvious postulates of and 
eductioas frora the theory, it at the same time gave 
iae to the creation of further rubsidiary hypotheses 
in order to support the main theory. These 
aypotheses have attached very diferent branches of 
biological scieace to the main stem of the evolutionary 
theory, and bawe at the same time joized the various 
‘branches to each other. 
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‘Thus for Tastanee since, sccomding to Darwin, 
matural selection was supposed to act on pordy 
fortuitous variations, which tursed sp not only 
‘amongst individuals of the same species or varity, 
Dut elo autoogst the offopring produced by the tame 
ale of pareats, it became necessary to concentrate 
‘attention on these variations. Galton's observatians 
on the differences which distinguish the brothers of 
‘the same family from one another, led him to the 
iscovery of the phenomenon which he named 
particulate inheritance,” & term which might be 
‘explained by the periphrasis, “the sadepesdent 
Sinheritabbity of different individaal pecoliaitie,” 

‘This phenomenon appeared so atriking that the 
necessity of attempting a further explacation of it 
‘became apparent. Am explanation by the sid of 
hypothetical preformed germs was put forward ; 
that in to tay, the kypotbess that, eocaldering hat 
tach special characteristic could vary and be in- 
Ihesited independently of all the others, each meat 
‘be represented in the seed or germ which corresponded 
to the whole organism by an infinitely smal! germ, 
istinet from the enormous aumber of other germs 
which comesponded to other characteristics. The 
‘“gemmales”” of Darwis, the " pangenes” of De 
Vries and the  determinsats ” of Weismann wre only 
#0 many different names which have been given to 
‘these hypotheticsl preformed germs, This pre 
formist hypothesis of the germ led ia turn to another 
Ihypotheeia even more remarkable and fruitful, vis, 
‘that of Welmana on the continuity of the germ 
plasm, 
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‘Darwin, indeed, bad supposed that each eal of the 
oxganism, whether it bad beon produced in the 
ordinary way by the development of the individuel, 
fox whether it hid bean acquired after the develop. 
ment of the individual as a result of some new 
functional adaptation, produced its own gemmules 
‘and that these were cartied about by the cizulation 
of the blood, and were taken up by the genital organs, 
‘hich he regarded simply as glands intended for the 
storing and remission of the germinal substance, 
‘Bot Galton transfused the blood of one variety of 
rabbit into the veios of another variety, and found 
that the descendant of the second variety never 
‘tcquired the characters of the frst, and be therefore 
concluded that this circulation of gemmules in the 
‘Mood did not exit, 

So be was led to coasider that the germ-planm 
wos composed of an enormoas mumber of different 
Winds of gemmale, that each kind of gemmole pro- 
aced an indefinite auzber of others Uke iteelf which 
\were incorporated in the geraplasm, but that at the 
beginning of development oaly a very small pro- 
‘portion of gemmules, each of which could grow into 
4 cell, toole part in tie formation of the body ar 
toma"; the remainder, which Galton called the 
trp" tock}, was collected in a comer of the 
‘ocganism, in order to serve later as the " germ-plasca " 
of the organia 

Ie will be easily seco thet this hypethets is funda 
mentally the seme as the famous theory of the 
“Continuity of the Geom-Plasm” of Weismann. 
‘Welamana in fact elaborated the theory of Getsn 
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snd Darwin stil further, and issued it im x more 
eine and perfect form, 

We need sot be astonished by the exsitement, I 
had almost said the enthosiaam, with which Weis- 
suann’s theory was received. So far as the develop- 
fect of orguaisms is concerned, the biologist finds 
‘imsef confronted with two colossal dificalties, vir., 
2) bow the microscopic particle of matter which 
constitutes the germ-plesm can aucceed in determining 
{mits most oxnute details the structure of « complex 
forganim ouch as & vestebeate, acd (2) bow such an 
organism io its tuna can reproduce « small particle 
‘of matter endowed with the same astonithing pro- 
erties, 

Now the hypothesis of the continuity of the 
{germ plasm aaemoucted the second of these dficlties. 
‘According to this theory it was not the organism 
which formed azew the germ-plasm, but on the 
contrary it was the germplasm itself which, coo- 
‘imually inerensed in quantity, maintained iteelt, 
and wis trantmitted from oe organ to another 
‘without having undergone any qualitative alteration, 
sand it wan from the germ-plasza tbat small portions 
Decame successively detached in order to form one 
‘generation after another of the species. These 
‘enerations consequently were not related to one 
another as mother to daughter, but were really only 
‘elder and younger sisters of each other. 

‘Bot if the germplasm, after it had emitted the 
minute portion of itself destined to form the new 
‘arguniam, raticed into 2 nook of the developing body 
and remained there unaltered util in doe course it 
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gave rise to the sesual calls of this body when the 
latter had become a¢ult, then whatever modifications 
this body might undergo—modifications, that i to 
say, which lad been acquired by the individual 
ubsoquent to birth as = cocsequence of some new 
funetional adaptation—thess modifications would not 
affect the germplasm Such at least was the con 
clusion which bas bees drawn from the theory. 
‘Therefore acquited characters were not transiissble 
‘to subsequent generations. 

‘Thus was born Neo-Derwinism or Weismannism ; 
18 theory which denies, in the most uncompromising 
sway, the kind of johetitance which the Lamarckian 
Inypotheslo males into the madaspring of is working, 
and which Darwia himself accepted even though be 
attribated to it secondary importance. 

Hlowever, old objections end still more formidable 
pew outs ‘were urged tgainst the Weismannian 
doctrine that natural selection was the sole factor 
which bad brought about evolution ; the polemics 
‘om this subject—of which the first and moet brillant, 
‘waged between Spencer and Weinmann bimself, 102 
Decome bistoric—eventually undermined the almost 
‘universal acceptance accorded to the theory af tbe 
non-transmisibility of acquired characters, whith 
Weismann had enuaciated and$which the greater 
_mumber af his followers regarded as impictly involved 
4a the doctrine of the continaity of the ger-plasm. 

“The dificulties which beset natural selection when 
it im pot forward as the sale explanation of the 
‘marvellous structure of certain tsrues and the abapes 
of certain organs and groups of organs sizkingly 
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adapted to ther functions led to more careful study 
of the nature and manifestations of structural adapta 
tion, and brought into prominence the importance 
of simultaneous and co-ordinated variations, which 
natural selection is iacapable of explaining. 

‘The objection to the idea that natural selection 
could operate on minute individual wariations, drove 
De Vries to study the phenomenon of mutations, that 
Js, of certain sodden and conspicuous variations 
‘which were alleged to have produced, in a single 
Atep, veritable new species. 

Bat the sporadic occurrence of this phenomenon 
‘and the important part that atavistic phenomens 
seeraed to play in i, and the small importance which, 
consequently it was pomible to attribute to it a8 a 
factor in evatation, impelled other scientific men to 
preter the "" Orthogenetic” theortes. of Nageis and 
Eimer. ‘These theories assumed a tendency of the 
‘germ-piesm (always supposed to possess a“ War 
‘mannian " continuity) to become gradually modified 
bby its own internal conditions, and 90 to give cise ton 
phylogenctic evalution which would be equally 
jndependant of the direct action of the envirenaent 
in the Lamarckian sense and of its indirect action 
4m the Weismannian sense. 

But as these arthogenetic theories proved equally 
{incapable of explaining how sa evolution, exclnsively 
ctermined by internal conditions, could succeed in 
wiving rise to onganiams 0 well edapted to their 
environment and to their fonctions, biologists en- 
countered agsin the old dilemma now brought more 
sharply than ever into prominence, vis..." Either 
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satura selection as sole factor in evolution ® or "the 
co-operation with it of the factor of the inbesitabiity 
of acquired characters” The consciounneas of this 
dilemma, along with the undermining of the faith tn 
the exclusive importance of naturel selection, led the 
most tceptical to give a more favourable contderatian, 
‘to the Lamarckian doctrine. 

Experiments, observations and arguments in 
‘apport of this doctrine increased in camber. The 
conviction began ta dawn in many minds thet it 
Ihad been a kind of collective aciectiic madness to 
reject « theory which threw such 1 brillant Light on 
al} the fandamental problems of evolution which, 
without it, were totally inexplicable. But along 
with this conviction, which became more widespread 
fund more firmly based, there grew up & painfal 
‘appreciation of the formidable probler involved in 
the attempt to elocidate the mechanism of this kind 
of hereditary transmission, 

‘This problem, this enigea, was the secret and 
powerful motive which, admitted oF not, consciously 
or subconsclonsty drove a whole army of bold re- 
searchers, fallowing the footsteps of Wilbelm Roux, 
to busy themselves with all that sexes of observations 
find experiments competsed under the title "The 
mechanics of the development of the organism.” 

‘As, however, the number of minute observation on 
the mancer of the succession of embryonic stages in 
widely different species became increased st a resnit 
tf the study of “developmental mechanics,” the 
‘marvellous phenomenon of the recapitulation of 
Phylogeny by ontogeny stood out in ever clearer 
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prominence. This phecomenmn, which was dis 
covered by Frits Muller, bot which had been 
‘particularly elucidated by Haccke! and which was 
Geueally known as Hacckel’s “fundamental law of 
biogeacals”, had always been regarded as oné of the 
strongest arguments ia favour of evolution, but sow, 
jin the ght thrown on it by the theory of the 
fuberitablity of acquired character, it ansumed « 
ew aspect and one of fundaroental importance, that 
is, It was seen to be « mnemonic Phenomenon. 

‘in fact Haeckel himaeif and Butler, Orr ana Cope, 
‘asked what meaning could be assigned to this repeti- 
tion, however abridged, of phylogenetic tages during 
contageay, other than that it was evidence that 
Uiving substance remembered all the modes of being 
‘rough which the species Irad passed as a result of 
the continual acquisition of ew characters euper- 
‘imposed ou the old. 

‘Tas we see bow, in spite of Ube vagueness which 
‘thin mode of speech favoives, the way was prepared 
for another theory still more comprehensive and 
remarkable which was pot forward for the first time 
by Hering in 1870 at « meeting of the Acadeony of 
Vienna ander the title of “ Ueber das Gedichtniet als 
cine allgeteice Funktion der organischen Materie,” 
according to which memory is the aniversal and 
fnndamental function of all liviog substance. This 
‘was the theory which Semon adopted in his work 
Die Mneme als erhaitendes Prinzip ic Wecheel des 
organischen Gexchehens,” end which he developed 
stil move widely, supporting it by a large series of 
facts which showed the deep-seated analogy which 
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could be traced betwees bioiogical phenomena in 
general aod those of biclogical development in 
particular oo the one hand, and on the other hand 
those af memory in the narrower scase. 

Bveryone can see what a magnificent synthesis of 
ialogy and paychology, that is of two out of the 
{four or five main sub-divisions of aman knowledge, 
woald be efected if this affirmation of deep un 
‘swpected analogies between vital and mnemonic 
phenomena could be substantiated, for it would 
cable un to conceive these latter ax constituting the 
fundamental substratum and essence of ull life. 

Callular specialisation in virtue of which each call 
‘responds ia its cormal manner, cven when itis excited. 
by atinnalf of widely different character from those 
to which it is accustomed, the tranamissbility of 
cauired characters und the ontogenetic devslop- 
ment of organisms, the inoate instincts of animals, 
pytchic phenomens of whatever oxtare from simple 
memocy up to theix highest manifestation in logical 
reasoning, which is oaly a complex variety of memory, 
all these phenomena, thanks to the mnemonic sub- 
stratum which can be detected in all of thea, may 
‘be considered as merely very different manifestations 
of ove and the same fundamental phenomentn, 

‘Byen amination, that privcipel characteristic of 
living matter—that mystery which chemistry fails 
to solve—may not ask whether it also is anything 
tuore than an estentially mnemonic phenomenon ? 
Ror really, if we contemplate living substance which 
is couticually undergoing decomposition in the 
so-called proceses of organic destruction which 
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sccompeny functional activity, ond which ia te 
prodnced during so-called periods of functional 
repose, of organic reconstruction and of assimilatory 
syathesis, which remains through all changes 
Mentical with itself, and is always ready, when it 
ecomposes, to manifest agaic the tame fanctinnal 

ivicies, must it not appear that it is the reant of 
an activity of a mnemonic nature? Moreover, one 
can tot that S& ts fast because essinalation in itselt 
‘4 mnemonic phenomence that all other vital 
Phenomena are Skewise of a mnemonic nature. 

But at this point a formidable problem arises. The 
comparison of gener] vitel phenomene with mnemonic 
pheaceneoa, aot withstanding the deep analogies which 
‘it discloses, cannot avoid appearing forced, even if 
it does not become reduced to a mere metaphor, if 
‘one ignores the real cature of mnemonic phenomen, 
‘roperiy 10 called. For these phenomesa, nately, 
ordinary paychic memory, belong to a category of 
Phenemena lest general and more complex than 
vital phenomena, for every manifestation of paychic 
‘memory is certainly a vital phenomenon whilst the 
opposite is not true ; tow then, it may be asked, can. 
mocrocaic phenomena be used to explain vitel 
phenovaena? Nevertheless the analogies betwotn the. 
‘two types of phecomena ate £0 evident that the 
comparison of one with the other irresistibly forces 
itself on the mind. We are therefore driven to 
enquire whether both classes of phenomens, ic. 
vital and macmonic in the narrower sense, might 
ot be expicabic by the axumption of a third still 
more general und elementary type of activity of 
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which both might be merely two aspects or two 
special manifestations. It lt easy to grasp the 
coportanea which would soceve to soch « theory? 
such an clementury activity which it postulates 
‘would thes seeve as the ground ofall vital phesomeaa, 
tnd would make the great mystery of life a bttlo lots 
‘obscure to ws. 

‘This question, however, will be considered in the 
chapters which follow, In the present chapter we 
Ihave attempted merely to emphasize the fact that 
evolutionary doctrine theough all the most varied 
‘attempts at its explanation, and ix spite of the most 
‘acute theoretic differences, bas led to mnemonic 
‘thooriea of development, which postulate as the basis 
of onganic evointfon, aay of life itself, a fundamental 
character similar to the mnemonic property, which 
is just tbat which discriminates, in Une last resort, 
living matter from the inorganic world. 


CHAPTER 11 


‘Tax Hyeormas or 4 PLaswane Acriox Rapiarixc: 
FROM A CENTAE aS Tux Basis or A MxxMowte 
‘Tanony os Dayevoricext 


Ir the study of the development of organisms biolo- 
fists encoanter three fundamental problems mote of 
ean mutually dependent, which can be formulated in 
the theee following dilemmas, viz. 

(2) Ib development effected by preformation or 
epigenesis ? 5 

(2) Is the geem-piatm composed of preforeistic 
gemmules or ia it made up of mubetancen which are 
together devoid of the power of representing snd of 
determining each a single morphological character 
for u special process of development 7 
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(Q) Is there specialisation of nuclei or ia muclear 
ivision qualitatively equal? 

‘A-cupld analysis of each of these throe fundamental 
problema will show us that it is a mistake to aappose 
hat they can be adequately stated in the three elloged 
lemmas, 


L—Tar Fst Drnew, 
‘Penvoxuanion ok Ericunzsie ? 


‘The first of these three problems, us evecyens 
ows is this 

‘Does each portion of an embryo contain everything 
which is required to determine its further development 
except the materials oecessary for its continued 
‘nourishment ; in other words : could exch portion of 
aan embryo if it were at a given moment detached 
from the remainder of the organism, and if it were 
placed in an eovironment suitable for its continued 
lite, contines to develop as if it still formed part of 
‘the organises; or is the development of each part of 
the organism, an the contrary, determined by the 
actions and reactions which all parts of the orgeain 
‘exert on each other during development ? 

In the first case one would say that development 
‘was due ta preformation, in the second elternative 
‘hat it took place by epigenesin. 

Stated thus the problem seems easy to solve, and 
yat wo find that, whilst a whole series of facts 
Contradict ta the most absolute mancer ths idea of 
refonuation, another series of facts ace equally 
Iiveconeileable with the theory of epigeocsis, 
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‘The most characteristic facts which contradict the 
S6ea of prefermation can be briefly subsumed in the 
five foliowing categories, the frst of which compcises 
al casen of general regeneration whilet the four others 
include different types of special regeneration, 


General Regeneration 
This aloe constitutes « strong argument aguinat 
reformation. Far instance : If the determinants of 
the leg which are presumably contained in the first 
‘indistinct rudiment of the ib at the begioning of itx 
formution are distributed to its diferent parts during 
Its development, whence does it derive the new 
determinants required for its regeneration? Thote 
‘who support “ preformation answer that all the 
determinants are not distributed during development, 
Dut that at each level of a developing member there 
retoaing 4 residve termed “ reserve idioplas", which 
Jn ready to begin the regeneration ofthe part to which 
in ordinary growth it would give rise, 48 soon an that 
‘part ia recaoved. But this explanntion, whichis aftcr 
all Hetle more thas verbal s rendered nagatory by the 
our cases of special regeneration already alluded to. 


Regeneration sai generis, ordinarily termed Posh 
generation 

‘This type of regeneration was obsarved by Roux in 

the halfembrycs of the frog which he obtained by 

kellling with a red-hot needle one of the first two 

‘blastomeres, 

‘We shail discus Inter the significance which isto be 
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attributed to the half embryes themselves, Here we 
shall merely indicate the courve of the regsceration 
‘which takes place. Ta the injured biastomere, which 
has ot developed at all, and which has remained 
adherent to the intact Blastomere now developed into 
2 normal halfembryo, there begins at a certain 
moment a process of dissemination of nuclei derived 
ty division, either from the stil surviving muclews of 
the injured blastomere or from the nucld of the 
evaloped germ layers ofthe half embryo ot from both 
ources. This disemination of modlel causes a 
belated division of the cytoplasm of the injured 
Dlastomere into small cells whick are, however, quite 
_mndifecentinted and show no traces ofthe typieul mor- 
phological arrangement. But later a change soper~ 
‘Venes und we can observe in the injured blastomere 
‘the formation of geem layers, usiog as materials these 
‘nditlerantinted cells; the process of the formation of 
thete new layers appears to start ftom the germ 
layers belonging to the uninjured ball of the egg, 
sd gradually invades the injured bat 90 that t comes 
‘about that this latter half is brought to the same 
stage of development as that which has been attained 
bby the uninjured half. Here then we ean clearly 208 
‘the © plasmatic influence ” exerted by the flly farmed 
(geem layers of the uninjured half of the egg on the 
‘alllar material in the injured hal 





Regineration by Diflerst Mots from those followed 
in Ordinary Destiepuncn, 

‘As an instance of this we may cite the celebrated 

‘ase of the lem of the newt's eye which, after being 
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‘cut off, is regenerated by a proliferation from the 
edge of the double epithelial layer of the iris; in a 
‘word, the lens which has an ectodermic origin since itis 
developed from the cuter ectoderm of the head in the 
‘embryo, is regenerated from the epithelium of the iris 
which i the front edge of the retina Here it i 
Clearly impossihle to postulate “reserve idioplaata,” 
for this, aeAypothes, is situated In the path traversed 
by the organ in its normal development and cannot 
‘therefore be prevent in the different path followed by 
the process of regeneration, 


Regenaration by Resrrangemerd, 

‘We sball confine ourselves to the consideration of 
‘the regeneration of Planaria macelaia 2s this consti 
tutes the most typical instance of his phesomensn, 
Fragments of this worm obtained by transvertc cuts 
will regenerate head and tail respectively by the 
formation of new calls. Once formed, however, the 
new head and the new tail do not continue to grow in 
Jeagth ; all the sabtcquent cougation of the body, om 
the contrary, takes place in the orginal fragment which 
is more deeply pigmented than the newly regenerated 
portions. In this part the old tissues become changed 
by cearrangement into new tinsues which areapecifally 
Gillerent. Tn the same way in animals regraerated. 
from lateral fragments, removed from one or other side 
of the original longitudina axis of symmetry, it often 
‘happens that the longitudinal axis of the new warm is 
situated in the old pigmented tinue. In this case 
aagnin tnsucs belonging to the right side ofthe original 

e 
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‘eulmal, which were constituents of definite organs 
40 it, come to lie on the left side of the regenerated 
animal, 2d enter into the composition of totally 
different organs from those of which they originally 
formed part. These are cases of regeneration by 
rearrangemest which prove, 2s Whitman justly 
remarks, that it is the whole organism which governs 
‘the formation and fate of cells and not the cells 
‘which govern the organism, as the “ preformationists"" 
‘would have ua believe. 


Regeneration with Shortened Development, 

Everyous knows that the salamander regenerates 
Ms tall In the rounded adult form aad that (he tail 
does not pass through © flattened stage such as it 
‘exhibits in the larva, and that the sbrimp regeocrutes 
its claw inthe adult condition and that the regenerated. 
claw does not pase through a stage im which it 
resembles the corresponding limb of the rowa larea, 
‘Theve farts iodicate that these regenerations ase not 
caused by “ reterve idioplasm,”” which would oante 
evelopment passing throvgls the anme stages as those 
traversed in nocmal ontogeny, but that regeneration 
in these casen is due to the influence exerted on the 
egensrating pact by the remainder of the organiem. 
1o fat, this {afuecce when the organism is adult is 
ceetainly éifecent from what it is when the organism 
is in an carer developmental stage, and so it follows 
‘that regeneration must peas through stages different 
{rom those of normal ontogeny. 


‘The foreging is « rapid and incomplete summary of 
a 
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the prinelpal facts whieh alone sufice to demonstrate 
in the mast absolute manner the joadmissibilty of 
evelopment by preformation. + 

‘Bot other facts prove in 2 manzer not Jesu absolute 
the inadmisibiity of the theory of epigenesia, In 
‘order to confine ourselves hereto the briefest xommary 
of these we sball mention only the frog haltembryo 
obtained by Rour and the experiments of Born, 

Tt was, in fact, thane halfembryos which induced 
Roux to put forward his celebrated working hypo- 
thesia of“ rosaic development.” 

Sloce itis pnsible to obtain the normal development, 
of either the right or left balf of the ankmal ot of its 
“anterior of posterior portion, one is driven to conclude 
‘hat each of the foor quarters of the orgasim derived 
from one of the first foar blastomeres is capable of 
developing quite independently of the rest and that 
consequently, so far as concerns these four main 
sub-divisions, the embryo as s mosaic constitution, 

‘The experiments of Born in grafting portions of 
‘amphibian larve lead to the same conclusion. A 
larva of Raa rsewlente for instance, trom which tbe 
anterior portion of the head hod been removed, was 
frafted on to the ventral surface of x complete larva, 
‘After a donen days of development al the organs of the 
‘matilated larva had developed completely and 
‘pertectiy normally as far as the sorface of amputation. 
‘The anterior pert of another Jarva, cut off « little 
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‘behind the beginning ofthe spinal cord end grafted on 
the abdomen of 2 complete inva, pursued the normal 
coumeofita development : the mesoderm out of which 
the seul ia formed was, at the time of the amputation, 
admost completely undifleoatisted end yet, neverthe- 
Yeas, the cartilaginous trabecale, the qaadsate 
cartilages with thelr covering of masticatory muscles, 
Meckel's cartilages with the labial curtages of the 
ower lip, and the hyoid cartilage ita were formed 
just as well as if the bead bad continued to form 
(part of & complete organism. Taat this result 
‘wan oot dus to the fact that the development of 
uch xn important organ as the bead was involved 
‘was proved by the fact that & tal grafted under 
similar circumstances Likewise purued a notmel 
course of development. * 

‘What conclusion ean we draw trom all the facts 
which have been cited? Simply that the dilemma 
“ preformation or epigeness,” from which until now 
‘iologists imagined that they could not fre themselves, 
‘appears to be non-existent aad thet consequedtly we 
‘st seek tome means of evading it 

‘A hypothesis which is capable of reconciling these 
‘apparently contradictory facts is that of “ centro 
epigenetis." According to this theory a " plasmatic, 
influence,” which governs developmect, sadinico out 
from a special region cf the organism termed 
‘the “central zone of development.” So that, if a 
Partion of this rome is situated ia an embryonic 
Srapmet detach rm the tof th rsa, 


2 See tho wore lind Chanter Facts whch 
roel orto ojtt te sey ai epee” 
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fragment will be able to pursue its proper course of 
development. # 

‘With this hypothesis there would be no further 
ificulty in explaining the half-embryes of Roux and 
‘the pertial evelopmests cf Born, All he apparently 
contradictory results of experiments on the influence 
of the cervous system on development andl regenera- 
ton are also easily explained if one atvumes that the 
central zone of development in vertebrates i 
constituted by « portion ora given layer of the spinal 
ord attending throughout its entire Teogth, for 
instanca by the most intersal pestependyraal Jeyer 
find in the first stages of development by those 
Dlastomeres and cells which later give rise to this 
Anyer.* 

‘Ta a word, in the light of the centro-epigenctic 
Ihypethenis the development of multicellular animals 
in seen to be of the same natare as that of unicellular 
animals; in these latter, as is proved by the experi- 
‘ments of cutting the animals into pices, the prevence 
af the nucleus, or at Jeast a fragment of it ls meeeesary 
and alto tuficient to allow of the complete regenera 
ton of a separated portion of an Individzal ; and 
hur the nucleus acts ax a trae "central zone of 
development.” 

Bt before developing our hypothesis further it is 
advisable to examine the vecond of the dilemmas 
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meptianed above which have excited so much 
controversy amongst biologists. 


IL—Sscoxp Daxsema 


Ys Tw GemwPLasu MADE uP oF Pezromestic 
Gauauazs ox Dozs it Coxstst or Nox 
wurersuntarve MaTuxat ? 


‘Let as notice to begin with tha this second dilemsna 
1s not quite indisolubly compocted with the first 
dilemma as might at firit sight be supposed. Thus 
de Vries who, like Welsioana, assames that the germ- 
plasm is constituted of preformistic gernmules, 
sendaiet so in opposition to Weismann, that 
development Is epigenetic in its nature, and although 
amongst so-called chemical theories of the development 
of the ex, which teject the viow that the exy is 
compoced of preformistic geromule, there are some 
hich afflra the epigenetic natare of development, 
there are, nevertheless, others which inctine towards a 
 preformist " view of development. According to 
‘these lstter the succession of diflerent chemical 
procelses on which the development of each part of 
the organism depends, goes on independently in that 
part without being infuenced by the similar enccer- 
sions of other chemical procestes which take place in 
the other parts, 

‘We shall now indicate briefly the principal argument 
‘hich hss bees advanced ia support of the theory that 
‘the geran-planm is composed of preformistic gemmules. 

‘This argument coossts in stating that it would be 
impossible withoot this theory to account for the 
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facts of particulate inheritance. This at least Us the 
‘Yiow of all the supporters of " preformistic gemmules ” 
{from Darwin and Galton to De Vries and Weinmann, 

‘The phesomeca of the mixed inheritance of 
characters from father and mother, the phenomena of 
ataviem, the cheracters of hybrids, the phenomena of 
Apontancous veriation, all combine to show that the 
‘most trivial characters of organisms cam be inberited 
quite independently of all other ; and hence the hypo- 
thesis is naturally suggested that each of these 
characters is specially determined by 2 seed or germ 
‘which bears the sare relation to this character, a9 the 
‘whole seed or germ sustains towards the whole 
‘orgazism, 

Tt is certain that hypotheses ike those of Spencer 
‘which assume that the germplasm is made up of a 
homogeneous substance, are incapable of accounting 
or this power of the independent hereditary trant 
‘nitsion of particular ebaracters ; they cannot explain 
why two individutls may differ frem each other only 
‘in one special character localised in a single deter- 
‘inate position in the body. 

‘Tha saine faslare is found in theories which assume 
‘that the germplasm is 2 mixture of different chemical 

sbatances, all of which are in action from the begi- 
ning of development. Indeed, even if we assaime the 
existence of two germplasms of identical nature 
except 23 regards one of the numerous substesoes of 
‘which they are composed, if this substance begins to 
act from the first moment of development, its 
diflerent effect will be manifested from the begianing 
on the whole developing organinm, which will therefore 
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differ sightly tm all its parts and aot mertly in one 
limited part trom the other arganiam in which this 
substance is replaced by another. 

On the other band, if for the sake of brevity we 
leavs out of account al the other formidable objections 
‘which can be raised against the theory of preformistic 
gemmules, and if we, therefore, do not refer to the 
circumstance that according to this theory every call, 
and indeed every ane of the szallast pertions of each 
all, mst have ts own gemmule, there is en argument 
Which is maficient to prove in the moat absolute way 
that the whole theory is untenable, and this argameat 
is that if the “gecimules” are going to explain 
‘particulate isheritance, and itis only far this purpove 
Yhat they have been introduced, it is necessary te 
suppose that they are connected together by a rigid. 
framework, in this point Weismasn is perfectly 
right in bis controversy with De Vcies. 

‘Lat us consider for instance the zebre striping 
which sometimes appears as an atavistic phenamezon 
in cextain bortes which are otherwise quite similar to 
‘the normal type of horse. This striping cannot be 
merely due to the presence in the gecm -plasm of these 
hhorser of gemmules cxpable of prodoting what may 
be briefly termed white and black cell, The 
‘appearance of stzipes depends on the fact that at the 
completion of development the white and black cella 
sare arranged in 1 determinate way in a determinate 
place in the organism. We must suppose, therefore, 
‘that in the germ-plasm or mucleus of the fertilised egg 
(ase gemumules ro erranged itl respect te each 
other in a rigid strocture so that as the nucleus divides 
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itis these gemmules and no others which coms to lie 
'n given postions fa the anganiam 20 as to give rise to 
he corresponding cells jo the cight place. 

Such a fixed connection between gemmvles is, 
indeed, just what is asrumed in the famous theory of 
‘Weismann on the structure of the germ-plesm. 

Bot this theory of a rigid urchitectore of the 
Semmules collapses at once when subjected to even 
the most superficial critical examination. For if we 
erwume such an architecture, it i focoprebensible 
hhow the germ-plasin, efter having gown in bulk, 
could divide and conticually give cae to new germ~ 
plasms which retain the same structural arrange- 
ment. 

On this theory th courte of developeient should be 
rigidly determiced ; and this is irreconcilable with 
the great capacity for adaptation which organisms 
powers not only in their adult state, but uso during 
‘the cowme of their developments; that is rondo 
perfectly tlaar by all the phenomena of terntology. 

wvelopment should take place according to the 
 peeformist " plan and we have seen that the best 
established tacts contradict in the most absolute 
‘meaner the theory that development is af a“ pre- 
formiat " nature, 

‘And to convincing arguments, of which we have set 
forth anly the most important, force us to reject the 
theory of preformistic gemmules. At the same tie 
30 less important facts and arguments force us 
equally, #8 we have seeo, to teject both che views 
‘that the germplasm is of « bomagencous nature of 
‘that it is composed of « mixture of different chemical 
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substances all of which enter into action from the 
beginning of development." 

‘Therefore, the second dilemese from which biologists 
Ihave imagined that they could not escape appears on 
laser examination to be of very dobious reality, and 
‘the suspicion arises that in this case also we might 
Juve recourse to an intermediate theory. Such a 
‘theory might be as follows: Let vs suppose that the 
{gerevplaum is composed of a number of elements of 
" speeidic potentiality,” that is to sey, if T may 90 
express myself, of « cumber of elementary accams- 
lntors of « hitherto undefined vital energy" which, 
‘Perhaps, might be nervous energy ; these accumulators 
might be capable in discharging themselves ot of 
‘Biving back this form of enecgy indiderently in all the 
‘multfarions specific variations of which this eneray io 
capable (as do electric accumulators in respect of 
ectrical energy, all intensities of which can be given 
40 discharges by the tame accumulator), bat of ving 
‘baek each only a certain specie variety ofthis energy. 








fertilised egy and afterwards in the nuclei which 
‘make up the central cone of development, are dis- 
charged one after the other in s fixed rer from the 
‘moment when the egg begiot ta cegment until the adult 
tate is attained, each of these discharges initiating 
and controlling « corresponding phese of the process of 

' Por te further daesiption und aacuslon of tbe facts and 
srgumtom jor aad again! the hewry preform gran” 
Pies seven fest 
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evelopment ital, These sccumolators would be 
eeformlstic gemmules svi generis. Instead of being 
Geterminents or representatives of different parts of 
the organism considered apart from each other, they 
‘would ba determinants or representative ofeach stage 
in ontogeny; but they would be this solely in 
comequesce of the fact that each, entering into 
activity after ita predecessors, would find the organism 
{a state corresponding to the ontogenetic etage 
immediately preceding, and would coosequently stim- 
‘late the organiam to develop until it reached the 
next stage in ontogeny. 

Tx this way, whilst one would 20 longer have to 
encounter the formidable objectioas which can be 
ruined aguinat the theory of preformistic gemmules, ont 
‘orld expltiz, and in this case without any diicalty, 
tl the phenozens of particulate inberitance for which 
“ preformistic geme=olet have been hitherto ooo» 
sidered Indispensable. 

‘For instance if we consider the case of two embryos 
‘which bave already neatly attained the adult condition, 
amt which up till now have recined absolutely 
Sdeutical in their characters, an lf we eoppote that in 
fone of then a new “ specise potectia) element ” 
‘suddenly comes into activity which i either absent ia 
‘the other or represented there by « ditieent element, 
‘and if in virtue of it pecoliar epecitic variety this 
‘uow element cam only act on « special part of the body, 
‘then the two organisms might absclitely resemble 
ach other io all their other characters and differ 
from ope another eniy in one character localised in a 
single region of the body. 
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So we could explain all the varied phenomena of 
the independent inheritance of particular character, 
and ta ender futile the principal argument in favour 
of the existence of preformistic gemmulea, which 
‘Welxmans considered to be demonstrative and 
beolutely irrefutabte, 


Tue Taro Diczwus 


Is Tuane Sercuassarion oF Nocizr on 15 Nuoitax 
Drmson Quaurrarreaty Eguat ? 


Both thove who oppose and those who tupport the 
doctrine of maclear specialisation bave thought Ht 
ecestary to ding this dilemma into prominence 
because the qualitatively equal division of suclel and 
uclear specialisation have been considered to be 
‘two incompatible thiogs. For if each nucless, in 
dividing, gives rise to two daughter nucle which arm 
‘qualitatively alike, then, so runa the argument, all the 
nucle of the adult organism must be lke not only to 
each other, but also to the nucleus of the fertilised ews. 
‘whence all have been derived by succettive nuclear 
divisions, 

‘Now in this case also a whole series of facts and 
fcguments may be adduced in favour of the equality 
of nuclear division, and soother seties of fects and 
enguments may be brought forward in support of 
ttaelear specialisation, 

‘The principal facts and arguments ia favour of the 
‘quality of muclear division are well known. it will be 
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‘suficient to montion in the bicfest possible manner the 
‘meat tmpartant of these which are as follows : 


(1) Laolation and displacement of Hasiomerts, 

So faras concerns the isolation of blastomeres every 
one is familiar with the experiments of Chabry on 
sscidians, of Wilson om ampbionus, of Hecbat on the 
sea-urchin, of Deiesch on Echinws micrctubereulatas, of 
Raflacle Zoja on medaae, not to speek of others. 

‘These experiments have demonstrated in an umaxi- 
‘mous way that in all ys in which the mutzitive yolk, 
oc deutoplaam is neither too abundant, too denae, or too 
‘viscous, each of the ftolated blastomeres, sometimes 
ven oxe of the fist, 26 or 32 blastoraeres, is capable 
of giving rise to a complete embryo normal in every 
respect, bat naturally of proportionately reduced sire, 
Ina similar way experizents on the dirplacernent of 
Dlastomeres, experiments In whieh the ¢pberical mass 
‘ade up of the fest blastomeres is squoered between 
‘two glass plates, and 10 deformed in shape, bave sbown 
that when the upper plate is removed and 2 ew mess 
of blastomeres is obteined in which the mutual 
positions of the dificsent blastomeres have been 
completely modified, aavertheless « perfectly aormal 
Individual develops from this mass. “These experi- 
‘ments also therefore demonstrate the equivaience of 
the different blastomeres amongst theanselves up a3 
far as the stage of the morula, 


42} Double Monsiers Originating from n Single Bex. 

Under this head we may mention the double 

gustrule obtained by Wilton from the egg of 
& 
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“Amphiowns, by slightly displacing the Sst two basto- 
morces with respect to ome another, and the double 
monsters obtained by Oscar Schulze fram the eggs of 
the frog by laverting the slides between which the 
cag were compressed immediately after the frst two 
‘lantomeres had been formed. ‘These experiments, 
‘which are essentially sillar to those in which blasto- 
teres are isolated, confirm the results given by these 
latter, 


(3) Single Embryo arising from the fusion of te 
Blatiala 
Te was Morgan who observed the spontancou 
fusion of two blastule of Spherechinus. The two 
‘lastule gave rise to a single blast from which an 
‘entirely normal larva developed. 


‘Al there experiments on the itotation and displace- 
meat of blastomeres, on the prodoction of double 
monsters trom a single egg and on the development of » 
single individual 8 result ofthe fasion of tw blantule 
‘with one another, constitute the most direct, tangible 
and irefutable proof that ove could desire, that all the 
Duce of the frst blastomeres are equivalent to enc 
other und to the nucleus of the fertilised epg, which is 
their common mother, 

To these experiments om the earlicst stagea of 
Aevelopmect may be added others relating to the 
‘Adult state of the lower organisas. We know, for 
fnstance, that any small piece of m hydra or of « 
medusa will transform itself without any increase 
in site into an entice individual of proportionately 
seduced dlnensions, 
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[At ret sight this case eoams tofell—and sometimes 
really falls—into the category of regeneration by the 
rearrangement of tissues, such as we have met with, 
for inttance, in Planaria. However, when we take 
into coosideration the mizutensst and almost wi- 
differentiated character of some of these pleces, 
‘many authors are inclined to think that the restite: 
‘toa of the complete animal from sack small iragments 
ought rather to be interpreted as a now process of 
evelopment which is traversed anew trom its first 
beginnings in consequence of the germinal propertion 
retained by the fragment or by the nuclei in it. 

Ta the me way we koow that fragments of the 
eaves of Bigonia jMylomaniacs planted in earth in 
4 rooist atmosphere give rise to small plants situated 
at the cut end of each nervure of the leat. 

‘From these facts we must consequently infer that 
he nucle of cells, which certainly i the case of hydra 
tn well as in that of the leaf of begonia per- 
formed some special somatic fanction in tbe original 
organism, retain nevertheless also all thoir germinal 
powers, 

‘Novertheless, in spite of all the experiments which 
‘we have mentioned, and of many other similar ones 
‘which seem fo bear unanimous witness in ferour 
‘both of the qualitatively eqosl character of nuclear 
division and of the fect that in the lower animals and 
in planta some of the somatic nuclei of the adult 
rotain all their germinal power, it is undeniable that 
the great majority of bictogists continue to support 
‘the defenders of nuclear specialisation, who assert 
‘that the aucle of cells histologically specialised and 
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GHerest from ove another are also specialised and 
diferent from one another. 

‘Why do the opinions of the majority, in spite of 
everything, incline in favour of maclear specialisation ? 

‘This ia due to the fact that io many cetes the 
nucle, Hike the cells of the same ocgenism, appear to 
‘be morphologically diferent from one another, that 
in to aay that they appear to our eyes to differ from 
fone another in certain pecubiaites of their structure, 
af thee proces of division, te. At the same time 
chemical analysis seems to confirm the theory of a 
Hiflerence of composition between auciel of different 
‘lswues, 

But there is above all the very strong argument, 
‘and it inthe principal one, deduced from the fact that 
the nucleas, as appeared to be fully extablished, io 
‘the portion of organ of the cel) which for the greater 
part, or almott exclusively, determined the speifcity 
‘or the varions apecicitles of ench cal, Consequently 
cells histologically diferent from one another, that 
is, cells which manifest specifically diferent physio- 
logical characters, coald only be conceived of a» 
provided with nuclel apaciGcally distinct, 

Tr ia sufficient to consider thet, if the bypothesis 
‘of tivclenr specialisation in rejected, we must 
regard the nuclei of all the nervous centres xt 
qualitatively equal to each other and to the muclel 
of the other times 1 

To sum up, we see in this case also, as in those of 
the two dilsmmas which we have previously con- 
sidered, that there is a whole series of facta and argu- 
‘ects which suppoct the view that nuriees division 
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fa qualitatively equal, and another large terior in 
{favour of the hypothesis of nocleer specialisation. 

‘Whnace tt follows thet this dilemma, which until 
pow hat seemed inevitable to biologists, con have 
xno more real existence than the twe previous nea, 
and we must therefore seek some intermediate view 
‘which will reconcile the opposite sides of this 
question, 

‘The first intermediate hypothesis which suggests 
itnelf to the mind is as follows : 

Lat us assume that noclear division is qualitatively 
equal, ia a word let uv assume that each axscleus in 
dividing gives rise to two danghter nocie similar to 
ltself, and that consequently in its fret division the 
uicleus of the fertilised egg gives rise to two nuclei 
timailer to itsel, each costaining all the elements of 
the germ-plases; Tet us amume further thet the 
same thing takes place when the nucleus of each of 
the first two blastomeres divides 20 as to produce the 
‘ucla of the first four blastomeres, and #0 00, but 
‘that later, as development proceeds, other elements, 
‘which wo shal! term sematic,” are gradually added 
to the primary elements of the germ-piagm, as @ 
consequence of the difierent position euccessively 
occupied by the mucleus in question, of the relations 
‘which develop betwoar the macieus and its neighbours 
aod of the somatic fasctions which it assumes ta 
vomtequence of its relations to its neighbours and of 
other similar circomstances, ‘These “ somatic” 

aad Peter ene at 
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lemgnts which, like the primary germinal elements, 
poress the character of “ specific potentiality,” 
‘which we have explaiced in the preceding section, 
wit come to be gradually deposited only in those 
suse which are outside the assumed “ central zone 
‘of development," from which plasmatic action 
‘proceeds, and at fist, in the earlier stages of develop- 
‘ment, they will be’ merely added to the primary 
‘germinal elements, Nevertheless, az development, 
‘proceeds to later stages, these “somatic” elements, 
‘as they increase io number or in bulk in a measure 
depending on the nature of the orgealem or on the 
particular tiwue to which they belong, will fully, 
4a the struggle for space and auteitlen, gradually 
Gaplace the primary germinal elements, 

In the lower asimals and in many plants thio 
‘complete substitution of somatic for germinal elements 
will not take place, at least in some theres, and as a 
atult of this fact germinal elements in an inactive 
state will continue to survive slong with somatic 
elements in fall functional activity ; with the con 
sequence that these germinal elements will always be 
ready to initiate development, when exceptional 
iroumetances permit them to become active, 


If wo now sum up oar whole discussion on the 
three dilemeas, we see that, if we examine the 
without aay preconesived ideas, of these three, 
‘on which biologists have vainly debated until 
ow, not one will stand ccitical examination, but 
‘that in place of each of them it ia possible to sketch 
aan Intermediate kypothacs capable of reconciling 
apparently contradictory facts, which precisly om 
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sccount of this appearance of oppesition have given 
flag tothe dilemma, 

It remains to be shown, as indeed must have 
lready become evident to not a few of our reader, 
‘hut these three intermediate hypotbeees, with which 
we have solved the three corresponding dilemmas, 
can be combined and harmonised #0 as to form © 
ingle hypothesis to which we bave already given 
‘the name of “ centro-epigenesis.” But before doing 
‘thle tt soome advisable to atop a moment to study at 
succinctly as possible what can be the nature of this 
 plasmatic " activity which, proceeding from the 
central zone, exerts its influence ut every moment on 
exch part of an organism is proce of development. 


‘Tae Navoxs oF Piasuanc Acton, 


First of all we most examine rapidly the part 
played in this plasmatic action by the nuclei and by 
‘the iotercelllar protoplasssic bridges. Pfeter bat 
shown at the same time the importance of the proto- 
plismic flaments which join the protoplasm of one 
‘eal to that of its neighbour far the tranowisrion of 
© plaxmatic action, and the importance of the 
fucle! forthe geneasion ofthis plasmatic action. 

Hee has shown that if the protoplasmic body of a 
‘cell be detached from the cell wall by plasmolysis, 
and if this body be then divided into two parts, one 
containing the oodeut tnd oce devsid of nuclens, 
‘he sncleated portion will form 1 new cella, 
which the enucleated portion is unable to do. But it 
(his enucleated portion remains ix counection with 
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the mucieated portion by a thread of protoplasm, 
‘however thin, thes it, too, wll form a sew cel-wall 

Peller then made s preparation in which masa 
of protoplamn devoid of mucleus and of cell-wall 
remained in contact with 22 uninjured cell by means 
of the protoplanmic Slameats which normally unite 
two neighbouring cells with cach other. He showed 
‘that in this case also the enucleated fragment formed 
4 celbwall round itsell. He even succeeded in 
obtaining a chain of emuclested protoplasmic frage 
‘ments connected with each other by proteplumic. 
‘ridges, of which the terminal member was a 
Fotoplasmic mass coatainiog a nucleos, and he 
‘observed that in this case the formation of the new 
‘ell-wall took place centrifagally, that is to say that 
4 wan frit formed round the piece nearest to the 
Iucleated portion, and thea successively round the 
fragments nucceatively further removed from this 

‘This second experiment of Piefier would alone 
fuffice to justly the hypothes’s of « circulation 
throughout the organism of @ pesticular form of 
energy which must be of the saane ature sé the 
discharges o¢ stimulations proceeding from the 
aie. 

Its, indeed, exceedingly probable that this nuclear 
‘timalation which is transmitted from the macleoted 
ell along protoplasmic bridges to the enucleated. 
fragment, is equally transmitted when this fragment 
‘bas itself a nucleus, and even when it is a complete 
normal cell, Tais consideration leads us to astume 
‘that, wherever pratopiaemle bridges exist, the various 
nuclear discharges unite along these bridges so a8 ta 
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«tive rise to a veritable tide of nuclear energy which 
floods the whole network of these protoplsamic 
ridges, a network of which the nodal paints are 
constituted by the muelei themselves, 

If we grant the universal occurrence of thet 
intercellular beidges concecting together all the cella 
of all the tsenss at every period of developcient, 
beginning with the stage of the frst Blastomeres, we 
are Jed to regard it as very probable that this dis- 
‘tribution of nuclear energy st every instant continues 
from the bepioning of development up to and 
throughout the adult condition, and penetrates the 
entire axyaais, 

‘This bypothesis of a cizculation of puclear energy 
‘throughout the entire organism, end consequently 
jn exch particular tisoue, is supported by the following 
celebrated experiment of Siegitied Gertec. He had 
1 samall disc of skin about 1 cx, in diameter cut out 
from his arm. Without uniting the edges of the 
wound be coverad it with an aseptic bandage, and 
left it to heal. When the wound was almost oom- 
pletely closed—leaving only a small dise of about 
17s mm. in dianseter in the centre mcovere¢—he 
‘cut away the new skin which ted been formed, and 
examined it under the microscope. He then observed 
‘that this okin consisted of concenttie zones of cells 
of diferent sspects. In ont of thete rings, which 
contained the largest cell, the intereelcler bridges 
‘were extraccdinarily well developed, and it was only 
{inthis zone that nocleac divisions were ta be seen. 

If we assure for ¢ moment that there is a con- 
‘iazous Gow of nuclear energy seroes the otercellslar 
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beidge, the remarkable development of these bridges 
in one of the zoues of cells surronnding the wound 
receives an immediate explanation. 

‘For this nuclear current, which previously paed 
through the intracellular filaments and interceliolar 
Dridges of the cells belonging to the litte disc of 
skin which was cut out, would after the excision 
find its pormal paths blocked, snd would be con 
strained to fow around the wound, and so would 
increase the amonnt of current which normally 
‘tmvervod this region. This increased curent would 
xeate for itself the means of peamge, either by 
increasing the diameter of the protoplasmic bridges 
‘or by augmenting their number. 

Tr we recollect that it is precisely in the zone where 
these bridges aze best developed, and only in it that 
we meet with muclear divisions, Wwe see that we can 
Jenen sormething further from this expetimeat, namely, 
‘that the increase in the emoust of the nocleat curtent 
exerts 6 trophic inluence oa the growth in bulk of 
‘the living substance, ax a consequence of which there 
‘inn great proliferation of nuclei in its pat. 

‘This is extremely interesting, becruse it enables 
‘us, hypothetically at least, to sctount far the 
differences in rate of growth which are encountered 
in diflerent parts of the same tissue, and in different 
tstues of the same organisa, by differences in the 
amount of the muclear current. 

‘But now we must past tothe question of the probable 
‘nature ofthis energy which s0far we have denominated 
Dy the term muclear. If we recall the fact that in 
‘unicellular orgacigms amongst the direct and indirect 
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fleets of noclear stimulation, there are some which 
fake the form of contractions of vibratile cilia and 
of consequent movements: if we remember further 
‘that evan ia higher animals in which in the adult 
‘condition the ultimate cause of movement is beyond 
all possible doubt nervous energy, movements mever- 
‘theless begin in the earliest embryonic stage, as is 
proved by the free-swimming Blastule and gustrile 
of all the animals whote ages develop freely in the 
water; if we consider that all placts manifest the 
phenomena of contraction as a rewlt of irritation, 
find thet the most secsitive plants dave better 
eveloped intereallular bridges than thove that are 
eas sensitive ; if we take account of all these facts 
‘and of many others too mumerous to cite bere, it will 
‘not appear too daring to advance, as x purely pro- 
visiomal hypothesis, that nuclear discharges ere af the 
same mature as cervous discharges, If this is 10, 
the flow of nuclear energy which traverses the 
entire organism and penetrates every part of it will 
‘be nothing but nervous energy. 

‘Hlertwig himself has leat tbe grent support of his 
authority to this view. He exprestes himielf at 
follows: "It is probable that in comparison to the 
conduction of stimuli by nerves, the transmission of 
nuclear stimulation by means of protoplasmic fila~ 
‘ments is much fess rapid and intense, but for that 
reason it is more continuous and, by reason of its 
uration, more eficacions.” 

(On thin view the nervous Sthres and fbrille would 
‘be fundamentally nothing else than intercellular 
Dridges uniting the nerve cella to the other tissues, 
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and the contiousus distribution of mervous enctty 
throughout the organic would be efected not only 
bby the close network formed by the intercellular 
bridges, but abo by all the network made up 
of the nerves, fibres and Grille of the nervous 
sytem. 

‘Before we proceed forthe we ust emphasise the 
{fact that this hypothesis of « continuoms cirealation 
of nervous energy is capable of being applied not 
only to animals but alzo to plants. 

Fint of all we have the experiments of Pletfec 
foferred ts xbove, which ware done on the cells of 
Plants, We know besides that in recent years 
Several sclentists, nctably Francis Darwin of Cam 
Ueidge, Haberlandt of Graete, and Franct of Munich, 
sve studied the interesting phenomens of the 
seasitiveness and movements of planta; the renults 
Obtained by these researchers demonstrate that 
plants in general are semitive, and we bave already 
alluded to the fact that the most sensitive possess 
Detter developed intercellular bridges ; moreover, in 
plants, us in animals, it is mecesuary to recognise « 
segion of perception and a region of movement more 
cor Jens distant from one another between which « 
(transmission occurs, which we have every reason to 
suspect of being nervous in mature, There is indced 
a physlo-paychology of plants” which ts growing. 
And establishing its right to be recognised as parallel 
‘With the physio-poychology of animals. 

Jf then we assume for any given animal or plant in 
‘the adult condition or in any stage of its developeaent 
(hat this nervous cireulation is in operation, we bave 
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‘only to suppose that this in subject during ontogeny 
to continual changes ic its mode of distribution in 
order to obiain a probeble explanstion of « whole 
Ineat of developssental phenomens, We shall confine 
‘outteives bere ta mentioning the principal of these, 
which are as follow : 

(1) Phimomena of the correlation of devslopmont, not 
to be confounded with correlation of functions 
‘properly so-called, They consist in the circumstance 
(hat certain portions of tha embryo, even if distant 
‘ove from the other and withost any functional 
lation to one another, seem to exercise on one 
nother a reciprocal induence which governs or aide 
in governing their setpective developaoeat. The 
development of one i accelerated with that of the 
other, in retarded when the development of 
the other i retarded and its development ceases 
‘when the other ceases to develop. If now, given parts 
of the organism, eves if widely seperated from one 
another, belong to the same mia branch of the general 
distribution of nervous ergy, und if others of 
Gifirent origin become gradvally wedged between 
the parts of the first branch, though they belong to 
another branch of the éistribation of nervous energy, 
we can understand how the mutual dependence of 
the parts belonging to the first branch on each other, 
‘und af thote bolonging to the second branch also ont 
cach other, can be brought sbout in the abnost 
complete absence of any discavernble infuence 
exercised by the parts of the Srot branch om those 
of the second branch, 

G2) Compensatory grow of organs not yet arrived 

6 





‘THE CENTRO-EPIGENETIC HYPOTHESIS 


1 the sags of functioning. These have bean studied 
chiefly by Ritbert end his pops, and such are the 
iscovery thet the excision of «tests or cf a mammary 
land, even in the embryonic condition, stimulates the 
growth of its fellow. In this case we need only 
‘usume that a main branch of the system of dis- 
tribation of nervous energy bifarcates, exerting 
ita trophic influence on both testes and on both 
mammary lands during their development, i 
order to explain why if ove of the forks of the 
bifureating path is blocked, the whole nervoss carrent 
Ss conntzained to pass down the other, thereby 
exercising on it proportionately greater trophic 
inttuence. 

‘But itis afterall the most general phenomeson of 
antogesy which i in certain aspects most clearly 
explicable by this theory of x distribution of trophic 
nervous energy. Development at bottom is only, us 
everyone Imows, the retlt of the unequal distribution 
of growth (onx). The widest ponsible variety of 
form is produced by means of the most simple and 
‘monotonoas system conceivable, vir, stimulation of 
calisiar proliferation at given peict in 2 celular 
layer more than tn neighbouring points, vo that the 
extra cells thus produced are forced to bead outwards 
(evagioation} or inwards {invagination}. We ted 
only assume a continual change in the general system 
of distrtbation of nervous enecgy in order to under- 
‘stand this contiqual abiftiog of the points of mane 
intense trophic activity, 

‘The ontogenetic processes of izvolution (absorption) 
fe typical examples of this shifting, a8 for instance 
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the involution of the tall of the tadpole. We find at 
‘the beginning of metamorphosis an atrophy and 
Aegeacration of the skin, spinal cord and of nervout 
fand muscular Sheer. Tt ia not 4 case, let wt note, of 
4 trcile atraphiy o¢ of one broughtt on by cessation of 
functioning, ‘ut a physislogical atrophy of pro- 
‘eminently young tines. And since at this period 
the aniznal takes little or wo food, whit other organ 
‘undergo 4 sudden and rapid development, the 
ubstance of the degenerating tiswues ix absorbed 
and carried away by the lymphatic and vascular 
chaumels in order to be used for the building up of 
‘other organs which are now in courte of rapid develop 
ment. All this peocess stems to be explicable on 
‘the assumption that the necvout energy forme:ly 
Aistrtited to certain regions bas abandoned them 
‘completely and has been diverted to others. 

Bot if we anmame that normal ontogeny, in 40 far 
‘st is cade up of & series of shifting of the regions 
‘of intense growth, isthe revult of continual changes of 
the general system of disttbation of trope nervous 
‘energy i the embryo, we have stil (o explain why 
‘hia distribution continually changes during the 


‘whole development. 
‘This will compel us to recapitulate in a few words 
our" “ Inypothesis of which the 


‘main features have been sketched in the preceding 
‘pager. To do this will be the task of the next chapter. 





‘Tun tial examination to which in the lat chapter 
‘we have subjected the three dilemmas raised by thn 
study of embryology, tas led us to regard it probebla 
that those three dilemas could be woived by mub- 
ltuting for thers the three following intermdiate 
Dypothases: 

(2) That the ~ plasmatic " action proceeds from 2 
special part of the organism termed the “ central 
one of development.” 

(2) That the germplasm, that is the sucless of the 
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fertilised oggr, is made up of a certain number of 
specific potential elements or elementary accursulaters 
of & vital energy (and we ere cow able with the best 
chanoos of hitting the truth to conceive of this a3 
nervous energy) which are capable by discharging 
themselves of giving rise not to discharges of this 
vital or nervous energy in general, but each only to x 
definite specific discharge of this energy; and that 
these accumulators become active one after another 
in a definite order from the rst beginning of develop- 
ment until its completion. 

() That in the nucle! outside the central sone, 
which come to lle in cells which are histologically 
specialised, there gradually become added to the 
tiginal specitic potentiat cements of the gerra-plasm, 
which are transmitted eatire from nucleus to mucleus 
by qualitatively equal division, other specific potential 
elements diferent frocs the primitive ones, but of the 
same nature, which, increasiog ia umber or balk, 
gradually disploce the primitive elements and sub- 
stitute themselves for these, This process, which is 
dun to limitations of space and nutrition, can, ia the 
majority of eases, proceed to the complete substitution 
fof the one series for the other, and so lead to veritable 
specialisation of nuclei. 

Once we assume, for reasons adduced in the pre- 
coding chapters, that the “ plannatic” action it 
caused by a genecal system of distribution of tropble 
nervous energy, we find, as every reader on reflection 
will see for himself, that these three hypotheses 
can be fused and harmonised io a single organic 
ypothesis 
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‘The only point which deserves special discussion 
is the way in which certain muclel originally qualita- 
‘tively equivalent to the rest, guia the control af the 
others and come to constitute the central zone of 
development and so condemn these outer auelei to 
‘become gradually reduced to somatic nuclei. 

‘But the way in which this occurs will become clear 
when we take into accoost the following consideration. 
At the beginning of development, from the commence 
‘ment of the segmentation of the egg until the morula 
for even the blastula stage is attained, when the 
naclei are ati all qualitatively equal to one another 
and to the cucleos of the egg whence they hive been 
derived, we may consider these mocle! wx all ready to 
begin the same kind of plassatic action, at least in 
the only case which for the sake of simplifying the 
‘problem wo sball consider bere, viz, where all the 
‘lastomeres are equivalent to one another, 

‘This condition of affairs, however, can only last 
‘until the time when the modification prodaced by the 
development is no longer uniform for all the parts of 
the embryo, os when en invagination, ot similar 
process, is brought about, for then the muclear energien 
‘cannot continue to opersta in exactly the name manner 
im all the cells. From this period those of the mute 
which possest, whether by the accideat of better 
rutrition or for any other eccidental reason, a greater 
mount af potential energy than the others, even if 
‘thai superiority in this cespect is very sight (perhaps 
im mecoblastic eggs, those which occupy a core 
Sevourable positon than others), mst gain the central 
of the latter uxd continue alone the process of dis- 
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chargiog succenive specific gerasinal eacrgits, which 
they now inhibit in al besides themselves. 

From this time the remaining auclei, not aDowed 
to constitute the central zone of development, and 
now under the control of the matiei which make up 
‘tin zone, become mare and more specialised, because 
the tide of succestive specific energies mow passes 
through them, following the aystem of distribution, 
determined at each moment by the corresponding 
activity of the central zone. 

For cach new potential clement which enters into 
activity ta the nucle of the central zone will disturb 
the dynamic equilibrium of the general system of the 
distribution of nervous coerny which hax become 
‘atablished by the action of the preceding clement, 
and will cause it to change to a new wate of 
equilibrium corresponding to the next stage of 
development. 


‘As one element after another of the central vone 
enters into activity, the development of the orguniam 
vill traverse all its succataive stages, and tt will only 
cease when the action of these elements is completed, 
‘because the disturbing action of the central zone 
on the general dyeamical equilibciam of the organiem 
‘will then come to an end, and the definite equilfbriam 
cof the adult stage will ba established. 

Such are, briefly described, the general outlines of 
the centro-epigenetic ypotbesis, constructed by 
fusing and harmonising the thtee intermediate 
‘hypotheses which were put forward to acive the three 
fundamental dilemmss mentioned above. Now, 
‘although this hypothesis haa only beex here sketched 
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in baklest outline it can immediately be seen to have 
‘one quality of supreme importance, viz, it can supply 
fan explanation of the process of the bereditary 
transmission of acquired charactere, by meeting the 
lest serious objection to this view behind which the 
Neo-Darwinians, with Weismann at their head, could 
entrench thamsalves in their brave and desperate 
fight egainst Neo-Lamarckism, which in all other 
respects might be considered ‘as triumphant. For 
just inthe rame way as, tll now, the disturbing action 
of the central zone bad interrupted the just-formed 
ynamie equilibrium and cused the pasonge of the 
‘orgenim from one ontogezetic stage to the next, #0 
‘when the adult stage bas been attained, exch lasting 
change of functional stimulus, or of functional activity 
Which results therefrom, will agnin upoet what would 
otherwise have been the fal condition of dynamic 
equilibrium, and cause the organise to pass to « now 
phylogenetic stage 

‘Th alteration in the distribution of nervous eneray 
‘which will result frocs this change will bring it about 
‘thot through every cali of the organism or through 
cach cell of a given region of the organism, a new 
current of energy will pss, specifically difereat in the 
different cals, ad different also from the current 
which formerly traversed the same path. In each 
aucleus of these cals @ new specie potential dement 
‘wil then be formed and deposited and 60 added to the 
‘uumber of the pre-existing elements, 

But all these elements, cew as well 28 ol, which 
are deposited in the somatic nuclei, will be lott at 
‘the death of the individual, and only those wil escape 
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destruction which are deposited In the germ-plasm 
‘of the centrad rose. The only efiect, therefore, of 
te lasting change of functional stimulus im the species 
‘wil be the addition of a mew potential element ta the 
germplasm. 

‘We must cow investigate the way in which this 
new clement acts during the ontogeny of the daughter 
forganiam. Ia order to explain this we shall have 
‘only to assume that the substance which constitutes 
each potential clement, and which is capable of 
cxiginating, when discharged, a single deGnite specs 
variety of nervous current, ia, at the sume time, the 
very sume substance which this currest can form 
sand deposit, in order to explain how the new specific 
potential element, which bas been deposited in the 
central zone of the parent organism, can, by entering, 
into activity at the proper time fn the central xine 
of the danghter organis, ceproduce in this individual 
de same change which was caused in ite parent by 
the action of the environment. 

‘Thos the ontogenetic stimulus is merely @ 
restitetion or reproduction, by intemal oruses, of 
the functional stimulus or physiclogical reaction 
which is at frst produced and can only be produced 
dy the external medium. Tt follows also that 
ontogeny is nothing ut « continual adaptation of the 
femibryo to successive modes of the activily of the contrat 
sone, and that the fundamental law of biogenesis, vie, 
that ontogeny is a avccinct repetition of phylogeny, 
appears to be the direct consequence of the mechanism 
of the hereditary transmission of acquired characters. 

‘Even the acquisition of the most complex instincts 
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4s therefore masely & specia! case of this transminion, 
‘nd alo sexual dimorphism, polymorphim in genera, 
ataviom, and a whole series of other more or leas 
fundamental phenomena of development can thus 
receive their explanation, AM these are points 
‘which must be ready evident to mast readers, but 
fot the full elacidation of which we must reler to our 
‘work already cited several times? 

We may, however, add a few words in order to 
emphasise two characteristic consequences of the 
centro-epigenetic hypothesis, 

‘The ftst is that this hypothesis is capable of ex- 
‘lalning a" certain dose“ of preformism, the existence 
‘of which seems to be placed beyond doubt by the 
veaults of certain experiments—results which have 
infcted a mortal wound on the theory of simple 
epigencsis, We allude for instance (to name coly 
tho most typical) to the experiments of Brows, whe 
transplanted the first wndifleentiatod radiments 
of the fore and hind limbs of a tond to other positions 
fn the same animal, and found that io their new 
postions they developed ioto typical adult members 

Certalaly the revulte of these experiments do not 
fustity the claim made by oxtain preformists, in 
tite of the repeated contrary results given by other 
tinailar experiments, and of @ thoutend etber facts 
equally irreconcileable with their thess, vir, that 
‘the sama ontogenetic autonomy must then be tue 
for any portion of the body, no matter how small, 
‘han seca fe th set, were i cst 
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be denied thet the continued development of members 
separated from the rest of the body proves that they 
contained la themselves at the time of their ampata- 
tion all that was necessary to determine thelr further 
development. 

Now the centrocpigenctic hypothesis does not 
exclude the possibilty that the early entry soto 
activity of a series of specific potential elements of the 
central zone may leave such eSccts on certain portions 
of the body, thet, even if these portions aze removed 
at a otrtein moment from the direct action of the 
central tone, the development may contious as a 
sort of posthumous result of the activity ofthis xone. 
Something of this kind can be seen in the enucleated 
fragments of some ichusoria, ax for instance Stentor 
carstest, Although the mucieos is for infosoria «a 
for unicellular anicals ia general « true and typical 
central zone of development, aince without « mucleas 
m0 proce of development or regeneration can be 
either begun or completed, yet Gruber has observed 
‘that if the animal sbowed at thetic of the operation 
signs of spoutancous division, with rudiments of its 
peristomal band of cilia already appearing, the 
enucleated fragment would contioue the development 
of this band, as a result of just this “posthumous 
action” of the now absent sucleus. This action can 
nly be explained if we atsome that « whole series 
‘of nuclear stimuli had already been emitted and had 
left thelr traces on the cell body, and it anly remained 
ta observe the slow development of these effects. 

On the other hand we may ask how could the theory 
of simple epigenesis, in order ta explain the results of 
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these experiments of Braus, have recourse to a pro- 
ocions entry into activity of a whole sess of snccas- 
tive actions, which the remainder of the orgenisu 
should have exerted ox the amputated member? 
‘These sooceesive actions could only be produced by 
those modes of being of the remaining part of tbe 
foxgeniam which are realised after the occuttence of 
amputation, and would not for that very reason be 
ponsible befoce araputation. 

‘The second consequence of the ceatro-<pigenttic 
Inypotheais which remains to be mentioned is that 
it makes it necessary for ws to distinguish between 
sffectioe and apparent gecminal 2000. 

‘Bs we have slrondy indicated everything Yeeds 
‘us to believe—Ul we confine ourselves to organisms 
with a nervous systera—that the central zone coincides 
with the least differentiated part of the nervous 
fyvtem, On the other hand, that whith constitutes 
‘he central sone is just the germplasm, which remaios 
Always identical with itself throughout the eotire 
development, in spite of the “* plasmatic action ” 
Witch it is continually exerting on the developing 
organises, ad which would be trancmitted wonltered 
from generation to generation were it not for the 
suddition of elements resulting from the acquisition 
‘of new characters, 

‘The central ance in vertebrates which, fet us 
reiterate, is probably formed by the most internal layer 
f the spinal cord, would be the really efectve germinal 
‘2000, that ia the true place of the emission of germicsl 
sabstance—just 43, might we suggest, the marrow 
9€ the bones coostitutes the place where the erythro- 
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laste or embryonic red corpuscles of the Blood ars 
formed, whexce they pass ints the Mood ond are 
intribated by the cizculation. The apparent germinal 
one on the other hand, which is constituted by the 
Rental organs, would only be—<s these orgens are 
Jn the old Darwinian hypothesis—the place for the 
reception, elaboration, and re-cminsion of the germinal 
substance, that isto say the place where this precious 
saaterial is collected, which, by being taken up by 
certain cxlls selected by chance from thousends of 
others, and by being added to oF sabstituted for the 
‘substance of the nuclei already in thee cells, changes 
thera from simple somatic into reproductive cells 

Is it perhaps the reception of germinal mubetance 
which constitutes the “maturation” of the tepro- 
ductive cells? Syaspais, hat phenomeson receatly 
discovered and still imperfectly investigated, in which, 
‘the chromatin which will aiterwards constitute tbe 
aamocomes of the e¢g tad of the spermatocoon goes 
arough the most complicated and mynterions changes, 
does it indicate the precise moment of the penetration 
‘of this germinal substance into a cell previously 
somatic or does it indicate the time immediately alter 
‘his penetration when the germinal substance begins 
‘to instal tel! ia its new abode ? 

To these questions, on which will depend in lange 
measure the greater o less access thet wil accompany 
‘our hypothesisin the future, further research can alone 
‘give an adequate answer. We shall confine ourselves 
hhere to these brief remarks which we bave thought it 
ruevetmaey to roake, in order that aloug with the 
‘pusterous and powerful arguments in favout of the 
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centro-spigenetic bypethedis, we should not omit 
‘te mention the most important objection which 
might be ralsed against it. 


‘Tax Moanwosac Natoxs oF Lire 


Before completing this rapid end imperfect sketch 
‘of the centroepigeaetie hypothesis, it i necemary 
to show how it is related to other recent throrles 
‘which seek to explain development and all the other 
characteristic phenomena of life by the fundamental 
mnemonic property of Living substence, and how our 
‘theory may be regarded ax the completion and fina) 
‘outeome of these theories. 

‘Aa we have already stated in the first chapter, the 
phenomenon of the recapitulation of phylogeny by 
ontogeny, or the fundazectal law of blogenctics, 
Tras always been considered to be of a mnemonic 
nature, Hecke) himself, Butler, Cope, Orr, if we 
sousider only the principal exponents of this view, 
Ihave teen at once, tore or lets vaguely, that this 
repetition of phylogenetic stages (however abridged) 
during ontogeny, 1s nothing but a manifestation of 
‘the memory retained by the living substance of all 
‘the modes of existence thtongh which the specie had 
passed in its coutiaual endeavour to adapt itself to 
the successive changes of the environment. 

Ts the celebrated address delivered before the 
Academy of Vienna, in 1870, Hering, under the 
suggestive title of “ Ueber das Gedichtniss als eine 
Aligemeine Funktion der orgesisierten Metere,” made 
daring step forward ic cisintaining thet memory 
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fs the general and fundamental function of living 
matter, 

Jn Bs famous work entitled “Die Mneme als 
erhaltendes Prinip in Wechsel Ges organischen 
Geschehens,” Senion, as we kxow, took up and 
developed ‘more fully Hering's proposition, ad- 
ducing in its support a large number of facts which 
‘sowed the deep analogy which existed between vital 
Phenomena in gueral and those af ontogeny in 
particular, and the phenomena of memory in the 
stricter sense of the word. But the comparison of 
vital phenomena in general with memory, in spite of 
‘the deep resemblance between the two which it brings 
‘to light, con only appear artificial, and is even reduced 
‘to un innocent metaphor if we do not take account of 
‘what memory in the narrower sense really is. For 
ordinary paychic memory Yelongs te « category of 
‘phenomena of a lesa general order and more complex, 
‘than ordinary vital phesomecs, since every mani 
festation of paychic memory is certainly a vital 
phenomenon, whilst the contrery it not true; how 
‘then cau memory be used to explain vital phenome? 

Moreover moemoni¢ phenomena in the narrower 
‘tensa are always" localised,” whilst all mnemoniste” 
‘bave completely ignored this fact when discussing the 
mnemonic nature of development. 

‘Samon, for instance, who may be taken as a repre- 
sentative of this school, in order to surmount the 
dificulty of localisation, assumes thet the effect of 
every stimulus, which acts on any given past of the 
body, diffuses throughout the orgasim, diminishing 
im intensity aa it gets further from the poiot of fc 
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idence but remaining always identical in quality, so 
that proceeding trots the zone where it sxerciten ita 
oaximem effect the stimulus will cceed in influene- 
Ing snd in “ stamping an impression upon all the 
calls of tbe body, including the reproductive cella 
and evea all the small living components or 
‘“ protomeres” of cach cell. “Protomeres” oF 
‘ plastidules” are old conceptions invented by 
Haeckel, which explain cothing, and indeed are 
evaid of ll alngifcance. What measing indeed 
could we assign to the statement that 2 complex 
visual impression was transmitted unaltered to the 
protomeres of the murcular bree and the glandular 
‘ells, tc., or how could 1 local functional adaptation 
Become spread over the whole organism ? * 

‘1k is just these dificalties which are obviated by 
‘the theory of centro-epigenesis. 

Our theory surmounte the fret diticuity, sub- 
mtituting for the explanation of vital phenomena by 
‘means of those of messory in the strict sens, «simpler 
hypothesis which assumes the existence of a more 
slementary and fundamental phesomeaoa of which 
vita) phenomena and paychic memory are only two 
Aifrent aapects ox special cases, We slvde, of 
course, to the property which we have supposed to be 
characteristic of the specie potential elements of 
the nuclei both of germ-celis and sossatic cells, viz, 
‘that exch clement in discharging itself gives rive to o 
nervous current of adefnitespecticcheracter; and that 
the substance which produces this careat it the same 
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‘substance which this cument can and does in ita 
turn deposit when acting as corrent of charge. This 
[Property confers on the specific potential elements of 
Accumulatort a true mnemonic nature. 

Colfslar specialisation in virtue of which cath cell 
ives its proper and characteristic response even when 
‘excited by stimuli of a diflerent character from those 
to which it ls npually subjected ; the great Jew of the 
Acquistion of abit to which ali living substance 1s 
subjected ; the development of organisms ; the funda- 
mental law of biogenetics or the recapitulation of 
Phylogeny in ontageoy; the tranmminiility of 
Acquired characters; the inborn instinets of animale; 
all these phecomens which suggest vaguely that they 
Ihave some common basis, more or less analogous to 
memory, are seen, in the light of our hypothesis of 
specific nervous accumulators to be clesrly and 
Aefixitely nothing but 50 meny mazifestations ot v0 
‘many direct results of one snd the sume elementary 
‘Phenomenon which we have now sharply defied. 

Our theory surmouats likewise the second eiffenlty 
by localising phylogenetic mesory in the central cont, 
constituted by the germplasm, and by supposing 
‘tbat the latter emits specifically the same effect in the 
‘opposite direction as that which the external fimulus 
Was produced in it, tis then sufficient to assume, 0s 
‘we have seeo, that this germ-plasm is situated in a 
definite part ofthe organism which is always the same, 
‘both when the body of the parent 1% exerting its 
‘ection on its own germinal substance end when this 
‘germinal substance is acting upon the body of the 
embryo, in order to explain the sueceasion of onto 
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genotlc stages as the mmemosic repetition of 
phylogenetic stages, 

‘But thetheory of the specific eccumalation ofmervous 
‘energy does not exhaust its possiblities iu explaining 
the fundamental mnemonic character of vital 
pheoomens, and of all the consequences, direct and 
indirect, which flow from this elementary property. 
In the illumination of the light which it dithuses over 
the whole domain of biology, even the phenomena of 
‘assimilation, of the trophic action exerted by favetional 
activity, and of the rojuvenescence caused by fertile 
sation appear 2 fitue less mysterious than before. 
‘These points we shall eadeavour to make clear in the 
ollowing chapter. 


‘Mazuony 
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‘enetgy which is made up af all the nuclear excitations 
of all the embryocte cells. , 
‘Thete excitations flow together in the protoplasmic 
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‘bridges uniting the various exile with one another, 
Ieing udded to one ancther ix the same peth and 
split up along diverging paths, and the reaolting 
system of nervous circulation penetrates the entire 
‘orgesism at each stage of the development and 
determiaes at every pedod its morphological and 
physiological condition. 

‘The germplasm contsined in the nucleus of the 
Aectilised ogg 's roade up of a large number of specie 
‘Potential clements, that is to say, of « lange sumer 
of elementary accumulators of nervous energy, 
which are able iu discharging themselves to give rite, 
not to a curreat of undillerentiated nervous energy, 
ax electric accumalators do for electric currents, but 
cach to 2 definite specific variety of this nervous 
eoergy. These specisc potential elemento corse into 
fetion one after the other from the bepianing until 
the completion of developrnent. 

Each nervous current, each nervous exritation, 
‘whether it procends directly from = single nucleus 
of whether it rena trom the union or splitting up of 
several nervous currents, when it passes through, 
another nucleus, even though this be « somatic ove, 
Aeposits in it a “ specif accumulation "that is a 
sabstance which can originste by its decompoaltion 
exactly that bind of nervous current by the action 
of which it was deposited. Every noclews, including 
somatic nucle, may be supposed to be made up of 
momerous elementary accumulators cellar in thelr 
General nature to those contained to the original 
iucleus of the germ-oell, but ditering specifically 
from these and from one ancther. 
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‘The specific potential demests contained in the 
ucleus of the fertilised ogg are transmitted unaltered 
from nucleus to pucless as « consequence of the 
equality of nuclear division But in those nucle 
which as development proceeds are finally excluded 
from the central zone, an which come to lie in cells 
destined to become histologically specialized cela, 
there are gradually added new “ somatic ” specifically 
Potential elements, in virtue of this power which 
each nervous current possesses of depositing © 
corresponding uccaraulation of itself. These 
“ymatic” specie potential elements, increasing in 
‘number and in bolk, Snally displace completely the 
primitive germinal clemeste aod lead thus to 8 
complete somatic specialisation of these nucle. 

IC this hypothesis be accepted, let us consider how 
evelopment should progress, beginning with the 
frst segmentation of the egg. 

Tn consequence of the equality of nuclear segmenta- 
tion, the mucei of the fist blastomeres are afl similar 
to cach other and to the nucleas of the fertilised ex 
{corn which they were produced, and they will con 
tinge to be 20 at least up to the stage of the morula 
of of the blastula. These nuclei will therefore be all 
equally capable (especially if the blastomeres in 
which they lie are also similar to one another 0x is 
{the cave with botobhtic eggs) of exercising the same 
“" plasmatic action ” since each begins to discharge 
‘the seme series of speciic varieties of nervous enerxy. 

But soon the momest will artive when the new 
spevidc energies us they are discharged, ace capable 
of producing an ontogenctic modification which is no 
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Jonge uniform over the whole surface of a spherical 
‘laste, as for instance an invagination. The entry 
‘nto activity of the remainder of the specific energies 
cannot thereafter take place in all the blastomeres, 
From this time on those oucle! which in virtue of 0 
better nutrition or of any other accidental circum 
stance ponsess a larger quantity of potential energy 
(or those, as in the case of meroblastic eggs, which 
cocupy a more favourable position) will neccesary 
Guin on advantage over the reat and wil alone 
continue to discharge the suooassive specific energies 
4 process which at fist took place in all the nucle, 
Dbut which theve favoored muclel will now inbibit in 
an others but themselves, 

‘From this time also the remainicg naclel which 
Inave been in this way excluded trem the central 201 
fand which are now under the control of thooe which 
constitute the central xonc, will gradually become 
diflerentiatod und specialised, for they will be con- 
tantly traversed by specific varieties of nervens 
eneegy, continually varying fn character and amount 
according to the general system of cicolation 
Aetermined at each stage by the ooresponding 
Activities of the ceatral zone, For every new specific 
potential element which becomes active in the nuclet 
of the central zone wil upset the dynamic equilibrium 
ot the general system of distribution of nervous 
energy which has bece established as a resalt of the 
‘ction of the previous element, and will s0 lead to 
‘the production of a new state of equilibriuin corres 
ponding to the next stage of developratat, 

‘The germinal elements of the central 2ome will 
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enter into activity ome after the other, and will cause 
‘he organiam to pass through its successive stages of 
development, and thin process will only cease when 
all the cleoaents have entered into activity. Then the 
disturbing action of the central zone on the dynamic 
equilibrium of each ontogenetic stage will come to 
tn end, and in this way the organism will reach a 
state of definite equilltrium—or “ stationary state,” 
445 Ontwald terms it, which is the adult covdition, 

Tu the same way, bowever, as the disturbing action 
of the central ose was contimually upsetting the 
quilibrinm which had just been estabtished and 
causlog the organism to pass into a later stage of 
developaient, when the adult stage hes been finally 
attained, each new external stiomulus, or complex 
of stimali which is not transient, in word each 
pperusting change in the action which the ecvirom- 
ment exerts on the organism, which, of course, 
induces a correeponding persisting reaction on the 
part of the onrunisc, will have the effect of upsetting 
once more the dynamic equilriam which would 
otherwise have remained fixed and definite. As a 
recalt, tho organism will pass into a new physiological 
and morphological condition which will comstitute 
{ta next phylogenetic stage 

ach of these physiclogico-morpbological states 
will be represented in the part of the organism 
occupied by the germ-plasm by © special type of 
nervous current, te pevailar characters of which 
vwil be 2 fonction and expression of the general 
aystem made op of the inmamerable currents emitted 
ty all the duced of the argesism, This resultant 
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‘nervous current will thus be the representative current 
of this particolar phylogenetic stage. 

‘The successive phylogenetic stages will thus each 
stess,ia relation to the central zone constituted by 
‘he germinal substance, their representative currents, 
sand cach representative current will depocit ite own 
‘épeciie accumulation representing the corresponding 
phylogenetic stage in the gerurplasm; and this 
deposit will be capable in cach new ontogeny of 
Giving anew as discharge the same particular current 
‘which cussed its deposition, We need only theredore 
usmume that the germ-plamm ie always situated in 
the same relative part of the organism, both when 
ft in eoaiving and storing these currents and when It 
4s emitting the same currents during ontogeay, to 
fee that the organism duzing its development mast 
Pam through the whole series of physiologico 
‘morphological states, through which the species 
‘asied daring ite evalution ; thowgh, of course, the 
series may be more or lees abridged according to the 
{greater or leas perfect manner in which the epecific 
accumulations bave been preserved. In the same 
‘way, itis only necesery that 2 single point of the 
membrane of a phonograph should reprodnce all the 
modes of being through which it passed when it 
received a given teres of euditory vibrations, in order 
that the whole membrene shoud traverse agin ll 
the extraordinarily complicated modes of being, which 
were origically produced by the action of the external 
‘world, and which are now reproduced by the action 
of 8 single intemal point. 

We thus see that the fandamental law of bio- 
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the recapitulation by ontogeny of 
Phylogeny i an immediate consequence of the 
process by which ecquired characters are iaberited. 
Soch is iu Sts main outlines our centro-eplgenetic 
hypothesis which, being founded entirely on the 
muemonie property which we have assumed to be 
peesliar to vital phenomena, impels us to seek to 
ppt forward some hypothesis, even if it were only a 
ppotely provisional one, whic would let us catch a 
limpte of the dynamica? fomndations on which this 
‘mnemonic property is based. 


2) Firs and provisional hypothesis of ths onergeto. 
‘Properties of nervous energy. 

‘We have seen that the recapitulation of phylogeny 
dy ontogeny, which can be directly explained by oot 
centro-epigenetic hypothesis, bus from the beginning 
‘been regurded ms a maesionie phenomecon. Starting 
fom thie point, biologists have been gradually led, 
fs we have already seen, especially in the works of 
Hering and Semon, to the position of regarding 
memory as the most geoeal end fundemental 
{fupction of al iving matter. 

‘All these comparisons of ontogeny and memory, 
‘these extensions to living substance in genera) of the 
mnemonic property, although based on certain very 
suggestive azalogies, bave until now remsived in a 
condition of great vagueness and have consoquently 
been incapable of giving & trve and effective explana- 
ton of ether of the series of phesomene which were 
being compared together. 

‘Now this property of speci accumulation which 
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we have supposed to exist both in germina) and 
somatic elements, and which is the keystone of the 
arch in the construction of our centro-epigenctic 
‘theory, is a mnemonic faculty in the proper sense of 
the word. We refer, of course, to the property in 
‘vrkne of which the substance contained in each of these 

specifically potential elements which is capable, 
when discharged, of ociginatiog a nervous current of 
certain definite variety, ix also the same and only 
substance which this current, when acting as @ 
carrent of charge, can deposit. On this view the 
“ epesific potential elements " are the real mnemonic 
‘waite; they chow themselves to be the substratum 
of all the most varied mnemonic phenomena mani- 
feated by Living mubatance. 

We must now discuts the quettion, whether it is 
justiiable to awome thie propety of specific 
fccumatation in living substacce ; and now two 
qoestions distinct from one another but inter 
connected at once orise : the frst as to the existence 
sf epecifc potential enecgien at all; the second a8 to 
‘their mode of ocgin if they waist. 

‘The frst question is connected in several respects 
to that raised by Johannes Mitier, and which Hering 
duns later more fully elaborated. 

‘The thearlas of Hering which, in s0 far as they 
relate to the nervous system io the strict senae he has 
smamonarised and re-stuted om May zzst, 1858, in his 
address to the Academy of Vienna, entitled “Zur 
‘Theorie der Nerventhitigkeit,” aseume, rather ws- 
necessarily, that there sbould be as many diferent 
Paths for conducting nervous energy as there are 
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Aifterent types of nervous energy accotulnted in the 
diflerent_ nerve centres. These theories of Maller 
and Hering have been later adopted and supported 
bby Mach himself in his Analyse der Empindungen,"” 
and later in his last work “ Erkenatnis uae tertur 
in which be anmumes it to be neceasary to postulate 
fat cach point of the argenism, corresponding to its 
specific functional activity at that point—and con- 
‘sequently in each gland end ip eech mautcle-cel, as well 
‘asin cach clement of each sense organ, and even in 
‘every point of the cerebral cortex.—a corresponding 
imumber of specific accumulations whick require only 
to be relensed. 

UW we now adit the existence of these “ specific 
ccumulations the second question arises, whether 
‘we can assume that they are formed and deposited by 
exactly the same type of specitc energy as that to 
‘which they are capable of giving rise when dicharged, 

TE seers to us tbat we aball be led to edit this 
hypothesis if we associate certais Sean movt. com: 
monly accepted by biologists as to the nature of 
{rzitebility ia general, with certain deductions which 
ean be drawn from the phenomena of " goychic 
_merory in the atset sanse. 

On the one hand, some biologists assume that 
“imitable anbstance is “a system of material 
particles endowed with potential enermy at a high 
degree of tension iu a condition of unstable equili- 
bbrium ” (Oscar Hertwig) ; and the majority agree 
4n seaming, following in this the theories af Miller 
and Hertwig, combined with those of Clande Bernard, 
‘that the diferent types of specisc activity, to which 
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‘the diferent types of potential energy give rise, and 
‘which constitute a corresponding number of vasietion 
of iretaditity of living material, are only 10 many 
specific modes of being of the same single elementary 
pllenomenon peculiar to Living matter, 

(On the other hand, even if we leave out of account 
‘the innumerable instances which show that the 
physiological efiects of the mnemonic revival of sensu 
thom are the same as the efects of real eonsations, we 
‘have the experiment of Wandt, in which the calling 
up of a vivid memory of given colosr, whilst the 
observer guzed Sxedly at a white surface or u white 
‘ure, peodced i the object pasod at the appearance 
of the complementary colour, This and similar 
experiments suggested by it, which were subsequently 
carried out, suffice to prove, os was afirmed by 
Maudaley, that the memory of « vensstion is nothing. 
lbut the restitution of the very seme specific current 
‘which constituted the original sensation, 

1k follown that the specific accumulation in a given 
aychie sensory centre, on which its specific iritabiity 
exclusively depende, ia cansed by the deposit pro- 
duced by the pamsage Uarough this centre of the 
‘specific nervous current which this centre can now 
produce as “current of discharge,” but which 
Previously acted as “current of charge.” 

If this conchision is irresistibly suggested with 
respect to the phenomena of memory in the narrower 
sense, where the necvous enexpy produced by the 
Aischarge comes into the foreground, whilst the 
Physicochemical phenomene accompanying it are 
telegated to tho background, we are justified in 
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assuming the same to be tras for physiological 
phenomena in the stricter sense, where the physico- 
chemical phenomesa coostituting the physiological 
function properly so-called (muscular contraction, 
@anduler secretion, etc) occupy the foreground, 
‘whilst the mecvous phenomesa accompanying the 
reaction are either pushed into the background oc 
remain totally igneced. This smumption, we may 
remind our reader, is in accordance with the funda 
‘mental idee of Claude Bernard as to the essentially 
similar nature of all irstability of orgenised matter, 
tind in accordance alto with the conclusion at which 
‘we have already arrived, that memory ia a funda 
‘mental property ofall iving matter. 

A third queation now arises xs to the ature of 
this specific thing which is susceptible of accumulation, 
‘Although ax things stané to-day mazy will consider 
Jt premature to deal with this question, we canpot 
avoid the attempt to do so, were it only with the 
object of attracting to the mubject the attention 
which it deserves. 

Certain dynamic considerations, moreover, seem 
to justify curtain vague conjectures on the subject, 
‘We must continually remind our readers that in the 
pages which follow we are not nndertaking the 
exposition of « detailed bypothesis, but that we em 
merely advancing a few simple provisional conjectures, 
on the admissibility and the greater or lets enggeitive- 
‘ess of which we are the fst to feel the need of the 
jadgment of all those who have thought of these 
questions. 

‘The various forms of energy in the inorganic world 

” 
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are represented, a5 everyone knows, a8 products of 
twa factors, of which one expresses the capacity and 
the otber the intensity er potential. 

‘Thus the capacity factor in electseal energy is 
sven by the quantity of clectrcity measured in 
coufombe or amptres, aad the intensity factor by the 
potential or electromotive foro which iy meatured. 
in volts, If we asume the existence of similar 
factors in mervous energy, may not the specite 
sharncter of the vations typos of mervous current be 
in some way of tha mace mature ax the “ capacity” 
factor ? 

If we follow up this ought, let ws recall the fact 
tat in electrical energy the cepacity factor, repre- 
tented by the quantity of electricity, ia supposed to be 
made up of elements termed “electrons all of the 
same capacity, no matter of what current they may 
be constituent parts, In meckanical energy, on the 
cenatrary, the “capacity ” factor is reprevnted by 
sags; and masa{s suppoted to be made up of elements 
termed “molecules menses," which are speciée 
{or each substance—that is to may, (hey ane of diferent 
capacity in diferent substances. 

‘Now would it nct be posible to imagine thet the 
“capacity " factor of nervous exergy thould be also 
divided into elements, whieh, on the analogy of the 
lectrons of currents of electricity we shall tera: 
“ mervions," bt which we shall assume to be specific 
for each cartent, and thecefore of ditlrent capacity 
im different currents ? Farther, could we aot imagine 
‘that these iflereat capacities of the specific elements 
‘were determined by as many speciic varieties or 
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nodes of action of one kind or several kinds of physico- 
chemical energy which make up the stimulus exerted 
‘both by the external and by the internal medium ? In 
cother wards, could we not, for instance, imagine that 
the nervous current which constitutes the sensation 
ot red and the memory of that colour, might be made 
vp of a very large number of neurons all of the same 
capacity, whilst another nervous current, for instance 
‘that which constitates the senaation of green or the 
meniory of that colour, might be made wp of another 
Kind of nervions, all similarly of the same capacity, 
bat different from that of the nervions which make 
‘up the nervous carrent giving tive to the sensation 
previously mentioned 7 

Let us remind ourselves that such « hypothesis 
would immediately explain the wniversal reciprocal 
correspondence between the specificity of the current 
and the speciicity of the deposit. For it in easy 10 
picture to oneself that two molecules of different 
structure would by their sudden decomposition give 
rine at the same time to diferent products which 
‘would represent the function or biochemical resctlon 
in the narrower sense, and also to energetical nervous 
shocks of diferent capacities: and on the other 
and it is not inconceivable that this process might 
bbe reversible; that in, that if the samme energetical 
nervous shot took place in the opposite direction 
St might rebuild the meleeular edifice which had been 
‘broken dows. This is the more probable, as in the 
case of the molecules which we are considering, it 
‘would very probably not be a question of complete 
destruction, which could only be cepuiced by a 
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reconstruction from the foundations, but pethape 
aerely of the separation of a given lateral group of 
‘atoms previously united to the centzal part of the 
molecule by the interposition of the imine radicle 
NH, o¢ the amine redicle NH, or the carbory! 
madicle CO.OH, or some other similar mdicie. It 
‘would thus be merely a matter of reatteching the 
lateral group to the central mast of the molecule, 

‘Thus Verworn, in his hypothesis ofthe living mole- 
cnle ot " Biogen," imagines that in catabolism the non- 

itrogencus groups of xtoms are alone detached, 
‘whilst the nitrogenous groupe remain and constitute 
the central mass of the biogen. This central mass 
later restores its original complexity at the expenie 
cof mew noo-nitrogenoas groupe similar to those cast 
off, which are contained in the surrounding outritive 
medium. On the other band we lenen from: organic 
chemistry that central molecular masses of the same 
tomposition may serve a8 supports for the mont 
varied types of lateral groups or chains of atoms, 
If all ports of these chains are prnent, ready-made 
ix the nutritive Guid, we may well sanume that 
when the same amount of energy * capacity.” which has 
already been produced by the detachment of m given 
Jateral coup, fe again propagated through the notritive 
fluid, it only sets in vibration the same quantity of 
‘aso, that is the same atomic group, selecting it slong. 
‘rom amongst al the others which are present with it 
jn the ligaid, and thus causing its re-union with the 
central mass of the Biogen. {f further in the nutritive 
Liquid there is present a great vaviety of lateral chaint 
‘und of central masses of all possible kinds, wt can 
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tunderstend how uew types of energetic! nervous 
shocks due to the impect of nove! kinds of stimuli 
originating in tha external world might glve rise to 
quite new kinds of spaciic deposit which would be 
‘eapable ia turn of producing, by their decomposition, 
‘the same energetic nervous shocks aa those which 
‘produced them. 

Let us now enquire whether the properties which we 
ave ascribed to nervous currents ot discharges are 
capable of explaining certain characteristics presented 
bby certain phesomena which are directly produced by 
nervous currents, 

In order to do this we may fst of al consider two 
extreme cases between which we can assume that 
‘very pomible intermediate condition may exist. Tn 
‘ome case we might imagice that the molecules which 
are capable of otigineting the susae specite variety of 
discharge aze arranged in groupe parallel to one 
‘another, and in the second case we might suppose thn 
‘they were arranged in series. In the first case the 
result will ba a carrant of great capacity, but of very 
‘small potential ; in the second a correct of small 
‘eapocity, equal in fact tothe capacity of the discharge 
of a single elementary accumalator, but of high 
‘Potential In this latter case the nervomotive force 
‘will be proportional ta the mumber of molecules 
‘rranged in series, that is to say to the quantity of the 
specific deposit. 

‘Ciamician, at the meeting of the Italian Society for 
the Advancement of Science held at Pere, io 
September 1907, put forward the hypothesis that in 
‘Vital evergy the intensity factor ix represented by 
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willpower.” According to hin view plants possess 
4 fecbla vital potential, that is wil power, bat a large 
‘quantity of life. Animals on the other band are move 
active for the opposite reason; amongst insects in 
particular, on account of their small dimensions, it is 
reasonable to suppose that the “ capacity " factor 
1s small, whilat the will power stands at a very high 
evel. Since “ willpower" is only nervamotive force, 
‘this a the same thing, according to our hypothesis, ax 
saying that jo orgunins with strong will power (or 
at Jeant in some oftheir titwes—mervows and muscular 
for instance) itis the serial type of moleeslar arrange- 
ment which prevails, whilst in thove with a great 
quantity of lle and feeble will power—soch as we 
‘might figuratively term “ polegmatica “it is the 
parallel type of arrangement of molecules which in 
‘predominant. 

Let us now stop fora moment to consider the second 
extreme case, in which all the molecules of each 
specific accumulation are arranged in series, sce tit 
4s the simplest case and the most interesting to us 
For each parallel srrangesent of molecular groups 

xy be always considered to be constituted by as:many 
serial accumulations arranged parallel to each other, 
and thum the geseral deductions which we may draw 
from the consideration of the extreme case of serial 
arrangement will also be applicable, with certain 
Qualifications, to all the other types of arrangement. 

Tu this extreme case in which all the motecales of 
tach specific ceumulation are set in secs, the capacity 
factor will always be the same for all the discharges, 
Decause it will always be equal to the capacity of 
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Gischarge of a single molecule. In other words, this 
capacity factor for all the discharges to which this 
specific accumulation can give rie, willbe a constant, 
Independent of all the other circumstances which may 
bbe present at the moment of discharge. This speciic 
sccumulation therefore wil either not discharge itself 
ft all, or, if it dlscharges itsef, will alway give the 
ume capacity of current, thet is, the capacity of a 
single one of its” nervions.” 

‘We may then enqoire whether it is just because the 
capacity of discharge for each specie accamalation 
cannot vary, that the accumulation is In most cases 
‘only diacharged—or as we any " relessed ""-~when the 
same currents or x pertion of the same currents are 
Active in ity neighbourhood, which were active when it 
was depoalted for the first time. Because only when 
this is s0, will the alteration which the discharge af 
‘such a fixed capacity will produce in the neighbouring 
circulation of nervous currents, be reduced to & 
‘ninirmum and will consequently require for its prodvo- 
tlon a very limited amount of nereo-motive force. 
Something analogoas would be prodeted in an 
arrangement of several electric accumulators in the 
‘samme circuit if each one of them could give rise only 
toa current of a certain fixed intensity, different for 
‘each accumulator—the accumulator, the particular 
intensity of whose discharge would produce a notable 
alteration in the distribution of electrical energy in 
the circuit, will be prevented or “inhibited” from 
discharging itsel unless its electromotive force is high 
‘enough to overcome the resistance of the other curreots 
of the circuit to its discharge. 
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‘The phenomena of the association or succession of 
ideas eod generally all forma of payehical or physiolog- 
‘cal amsociation, which constitute the Keystone of tbe 
frch end the foundation stone, not only af peycbology, 
Dut af al biciogy, ax wells the opposite phenomena af 
paycho-physiological inhibition, might thus be the 
direct conaeguences of the constancy of the “ cape- 
city ” of discharge exhibited by each of the different 
specie accumblations, 

‘Thus we could explain—as we may here mention In 
pareathesit—why the “ specie potential elements 
of the germ-plasm can become active only when the 
embryo has reached the ontogenetic stage corre 
ponding to the phylogenetic stage immediately 
receding that in which this particular “ specific 
potential element ” was deposited for the first time in 
the germ-plassa. 

‘We may remark on the subject of the association of 
‘ideas that the dificulty is not so much to understand 
why certain ideas recall certain other ideas, but why 
certain ideas recall only certain others. For if we 
consider the enorraous mumber of nervous connections 
‘which connect al the prychic centres with ons another 
~-a number which i the buman brals, according to the 
calculations of Flschig, would amount to several 
ruillions, and which if placed end to end would 
attain a length of thousands of kilometres—we should 
naturally expect that the stimulation of a single 
psychic centre would affect ali the others and would 
[produce an extremely irregular and chaotic association 
of ideas, 

Te was just in order to explain this “limitation of 
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association ” that Hering, as we have sean above, 
invented the theory, not only of the specific natnre of 
‘the accumulations of energy in diferent centres, but 
also of the specific character of the paths connecting 
‘the centres with exch other ; for this reason aloo the 
supporters of the neuréne theory have pot forward the 
{dea of raising of  drawbeidges™ connecting the 
neurones, that is of the retraction of the majority of 
‘the dendritic process of the neurone asa consequence 
of which it would be iwolated from all the other 
eorumes—exoept thee from which iti areanged that 
it Wall recelve stimulation. But Hering's theory 
leads to the consequence that the association of ideas 
should be fixed and stereotyped; and with this 
conclusion the most famitiar facts of mnemonic 
recollection and imagioation and even of dreams are 
totaly irvecoucleable, The other hypothuts, viz, 
that of dravbrldges, does cot exhaust the problem, 
for it does net tell us why the neurone lits certain 
drawbridges and leaves others down. Besides, this 
neurone theory will probably soon be replaced by th 
theory that there is always aa effective anatomical 
ontianity of the entire nervous syiten. 

auch a continuity exits, and if we consider bow 
dose a network connects the diffrent nervous elementa 
‘with one another and the icopemibility of asraming 
‘that the different strands ia this network have exch 
ja “specific character,” co that each can conduct 
only one apeciée variety of eurrest, we shall have 
reason to suspect that the causes of the reciprocal and 
limited “release” of certain nervous curzents by 
others must be sought in the “ energetic” properties 
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of the curreats themselves and in their dynamic 
relations to one enather. 

But we must content ourselves here with this brief 
sketch, in order to allude equally to other inter 
connected questions, vir, those respecting the nature 
of amination and the trophic effect exerted by 
functional activity and the rejuvenation produced 
Dy feetlisation. We must, however, again emphasisn 
‘the fact that the hypothesis which we are about to pat 
forward must be regarded ax purely provisional, and 
its acceptance or rejection in no way involves the 
Legitimacy of the other hypothesis, vie, that of specific 
‘accumulations, for although the latter hypothesis 
suggests and supports the hypothesis which we are 
now putting forward, it ix really quite independeat 
of it 

‘What, above all, strikes the biologist about assimilne 
tio is that itis not a process of continual production, 
but of continual reproduction since it incessantly 
reproduces organic substance in proportion as this 8 
contumed. “One might say,” writes Oscar Hertwig, 
that life is only an incessant process of destruction 
‘and renewed formation of organic substance.” Such 
1 process indeed exhibits all the characters of u true 
‘tmnemonic phenomenon. As a matter of fact every 
specific substance which cousumes itself in giving rise 
to its peoper functional activity, restores itself what- 
‘ever (within certain limits) may be the nature of ite 
‘nutritive medium, xo as to remain always" specically 
ideatical to itself,” just as if it wat formed and 
eposited by its own specific activity which being at 
first destructive, thea becomes emstructive. We 
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fre led to suppose that assimilation is at bottom a 
duplex phenomenon, vin, the excitement of the 
specific activity and then the deposition by this ofits 
‘own specific deposit. 

Quite independently of thess considerations other 
fundamental vital phenomena have led biologists to 
conclusions in accardance with this supposition. 
Such are the facts of fertilisation and of conjugation in 
‘general, which may be rednced to a simple" coupling ” 
of the chromosomes of the esale nucleus with thoee of 
the female nucleus; the reducing or “meiotic” 
division with which the process of maturation com 
eludes in both types of gersa-cells, by which the 
‘Bocmal number of chromosames of the egg is halved, 
in order to make room for the reception of the chromo- 
somes of the fertilizing nucleus, which have likewise 
been redaced to half the cormel mamber ; the strange 
myclear process of synapnis with which maturation 
begins both in the ovum and in the spermatoroon, 
which brings to view extremely delicate threads like 
ecklaces asranged in pairs parallel to one another, 
so that wach minute grain of one Slament is opposed 
to a similar grain of the other filament; the coupling 
of granules of chromatin in many other nuclear phases, 
both of germina) and of somatic cells; the constant 
‘appearance ia couples of all the microscopic elements 
of ouclei betwonn which, we have strong reason to 
suspect, take place the production of vital phenomena, 
All these phenomena have already sugyested to more 
‘than one biologist the idea that vitel exergy can 
neither be produced not maintained, except betwen 
conples of material elements of opposite character 
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acting, 23 ix the absence of precise hypothesis it has 
‘been vaguely expressed, in the manner of “ opposite 
poles, 

‘At the sume time the complete qualitative 
equivalence of the chromosemes of the two sexes, 
sam equivalssce which can be indirectly deduced 
from theie capacity of transmitting the same hereditary 
quilts, and directly proved by certain interesting 
experiments of the substitution of the nucleus of & 
‘permatosoon for the nucleus of an exg, and by the 
salf-fertilisation of the nucleus of en egg after the 
reducing division by the mucleus of the polar body, 
leads us to believe that the opposed members of these 
lementary couples are qualitatively equal to one 
another, 

‘We might then risk the suggestion that the alleged 
spposite poles," which together constitute the 
vital element, are nothing et bottom but two sets of 
erally ecranged accursulators, specifically equal to 
‘one another, bat of different potentials, and placed 
‘opposite to one another, between which an oscillating 
nervous discharge is prodaced similar in certain 
respecte to the oscilating electrical discharges of 
‘the resonators of Hertz. Perhaps we might regard 
‘the reinforcemest of these latter omillations by 
synchronous Hertzlan waves and the reinforcement 
of the oscillating intra-nuclear discharges of nervous 
nergy by syachronows orcilations of light and beat a8 
‘he same phenomencn, for the beat and light roys are 
themselves Hertzian waves, albeit infinitely short 
‘ones. On this point a fact recorded by Engelmenn 
‘mort interesting ; he observed that those colours in 
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the spectrum which are most readily absorbed by 
bacteria are those which ars most favourable te thelr 
mactabolism, This melabotiom would thus appar $0 be 
4 phenomenon of a sibvatory nature capadis of wnder- 
‘oing resonance. 

We shouid obtain in this manner an automatic 
process of the growth of the nuclear substance which 
‘would, however, be sowed dows and eventually 
stopped by the peegressive equalisation of the nervo- 
motive" force in the two opposite and coupled 
accumulators 

From this we could deduce the tropbic action 
exerted by every process which is capsble of 
recatabliahing a state of inequality between tbe 
‘opposed " servo-sitive " forces and, consequently, 
‘the trophic action exerted by every extra-ouclear 
fonetiocal discharge of one or other of the two 
ccursolators which would reduce the pervo-sotive 
force of the accumulator thus discharged, Thi i in 
accordance with the observation of Clade Berard 
that " the phenomena of functional destruction are 
themselves the precarsars and instigators of that 
orgenic restitution which takes place during the 
so-called periods of functional repose, 

From the same principle we could also deduce the 
explanation of the rejuvenating influence exerted by 
Jertisation or by conjugation which os this view would 
consist im substituting in each mnemonic element of 
the germ-plasm for one of the two accumelstors, 
‘which bad a “ nervo-motive force egusl to that of tts 
fallow, another accumulator specifically identical, but 
endowed with an amount of ““nervo-motive " force 
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quantitatively dient. Fertilisation or conjugation 
thas been regarded by most biclogists since Spencer's 
time as equivalent to the disturbance of an egalibriam 
which rendered the maistesance of vital activity 
lunpostitle, whence the posiblity of replacing this 
fertilisation or conjugation by renewed functional 
activity or any other Kind of disturbance e2 the 
‘experiments of Maupes have shows to be the case in 
Tnfusoria, 

Wa might also ultimately deduce the usiversal 
tendency of life under the influence of thermic energy 
‘to expend indefinitely, that is, as Mach bas expressed 
it, "to draw within its own sphere even larger quan- 
titioe of matter "—s tendency which bas impelled 
‘many biologists, and Ontwald in particular, to com 
pee life to Gre. 


We have now completed the description of the 
energetic properties which we bave supposed to 
ebaracterive nervous anergy, thet base of allie. We 
are the first to admit, us owe think it neceotary to 
repeat once again, that the hypotheses which we have 
ut forward are vothing more at most than a first 
‘quite provisional attempt at a solution and one which 
‘in etched only in baldest outlines, They have been 
‘put forward with the sole aim of directing the attention 
of Biologists and “natural philosophery to these 
robiems, and of arousing on the part of specialists of 
very diverse branches of science the most searching 
‘titi examization of our views, which alone will 
separate the more firmly based frow: ths baseless parts 
of our hypotheses. 
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‘We admit that in postulsting the propesties with, 
which we bave endowed nervous escrgy wo bave 
‘introduced form of energy which at present we 
cannot reduce to any of the other forms af pysico- 
cheraical energy 20 far mown. Tn a word, we have 
fexagioed such a form of energy, which, though of 
course subject to the genera? laws of energetics, would. 
nevertheless differ by the possession of oxrtain wall: 
defined fundarmental qualities from el the other forms 
of energy in the same way ts these differ from one 
another. Bat no “ natural philosopher,” no * cnet= 
ietit,” and not even & physicist who does not take 
00 narrow and limited view of natural phenomena 
‘would be prepared to assert that suck an assamption 
‘would confict with the more solid results which 
science haa so far achieved. 








meatal contents of Semon's theory as sot forth 
Bis work Die Moeme ala exhaltendes Priarip im 
Wechtel des organischan Geseheheos."” In this 
Publication he has takes up and developed further 
‘the attractive idea which Hering advanced as long ago 
3 1870 in his celebrated eddrem to the Academy of 
‘Vieona which wan entitled "Ucber das Gedichtuis 
als cine aligameime Funktion der orgaaischen Materie.” 
Semon's theory is at coce = synthesis and 
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the mott pexfect development of all preceding 
smnemonic theories it is of great importance that it 
should be compared with our theory. 

Semon's begins by giving definitions of the terms in 
‘the new terminalogy wich he has adopted, He calls 
the condition of lviag substance before a given 
stimlas reaches {t ~ the primary indifferent state,” 
‘and ita condition alter the stimalus, “the secondary 
Indiferent state.” “ Whatever may be the kingdot 
to which the organiam belongs.” be goes on to s4y, 
“whether it be a protist, em animal or a plant it 1s 
easy (0 show in a number of cases that when an 
ongusism, after the ceasation of a stimulus, has 
attained the secondary indiferent state, it bas ander- 
‘game «permanent change. I call this elect of 
smn,“ engraphic actin,’ because iti, 0 to speak, 
‘carved in or impressed on the living aubstancs ; to 
each change of the living substance I give the name 
‘of the *engram ‘of the stizulns which produces it, 
and {term ‘moeme’ the whole eumber of the. 
ongroms which this organism bes inherited of 
sequired daring its individual life; from this follows 
immediately the distinction between an inherited 
‘mneme,’ and one which has been acquired by the 
individual. I call “mnemonic phenomena’ those 
‘phenomena exhibited by an organinm which are the 
relt of « gives ecgram or of « number of these 
ograme.” 

‘Tho apult of eographic action, in consequence of the 
‘permanent change which it prodoces in living matter, 
is that the state of excitercent which «given stimulis 
Iuus produced in the pest may be reproduced, not only 
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bby u repetition of the same stimula, but slso by other 
influences to which on this eccount Semon has given 
the came of “ecphoric stimsli” or“ eophoric 
influences.” Thus for instance i the stimulus a when 
it Gat occurs produces the reaction A and the stimulus 
8 only the reaction B, the reaction (44-8) when It 
‘ceurs for the frst time can anly be called forth by the 
(tiles (2+8). But when this same reaction (4 +B) 
Ss evoked as a mnenomsic response, that ia as an elect, 
‘of the engrame produced by s former stimulus (0-+2), 
then this response cam be called forth by the stimulus 
‘lone, or by the stimulus 6 alone, either of these 
stimali now acting as an " ecphoric ” stimulus, 

Te the anme way « stimulus which, if it ected forthe 
first time, would be too werk to prodace a reaction, 
when it acts as “ eephoric stimulus" may be more 
than suficient to evoke a response of such an 
‘mount as it could have produced as original 
stitmolas oly if it hud been of considerably greater 
Antenalty, 

‘This power of living substacce, not ooly of being 
excited by «stimulus but of retaining engraphic 
impressions so that it is able to return to the same 
complex state of excitation as a result of « very feeble 
of of a very partial repetition of the same stimulus as 
dad peodaced this stata ic the frst instance, may be 
regarded a5 2 contarvative factor (als erhaliendet 
Prinsip) in the continual changes undergone by this 
‘substance under the influences of stimulation raining 
‘nm upon it from the outer word, x stimulation which is 
‘continually verying im character and which never 
concur twice in absolutely the sazie manner. 
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After having discussed the msemonic phenoment 
‘produced by the engrams acquired during the life of 
‘the individual, Semon gots on to consider quite & 
ifierent series of phenomena which Jead him to the 
following conclusion : “In the iritable matesiel of 
‘protists, animals and plants, we Snd properties termed. 
“‘ertable dispositions’ (certainly not acquired durivg 
the life-time ofthe individual) which, as is denoted by 
this very term ‘dispositions,’ are usually Intent. 
But certain definite influences can activate them 
for ‘release’ them from this latent condition, just 
‘us happecs to the engrams acquired by the individual, 
‘after which they become Intent again. Each repat 
tion of the eophorie influence evokes again the corres 
ponding state of irritation which manifests itself by 
‘ts appropciate reaction.” 

Tt is in the saggestive description of this series of 
phenomena, made in suck « way as to indicate the 
Conclusion just alluded to as their only adequate 
explanation, that the great terit aud chief originality 
ot Semon’ work coutists Amongst the varions 
‘cases referred to by that author we shall caly allude 
toe few which we bave chosen as the moat typical end 
‘hich are as follows : 

‘According to Claypole, newly-hatched ostriches i 
‘the artical incubstor oaly begin to peck at their food 
‘when someone strikes with a stick or similar object in 
front of theo on the ground where the orn is scattered. 
“Of all explanations ofthis fact,” adds Semon, "tbat 
‘which appears most probable is that which attributes 
St to the * eephory’ of an inherited engram, and to be 
recise an eagram of which the corresponding reaction 
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is the ect of pecking: in this case the oo 
‘stimulus is the reproduction of the original stimalus 
a Uttle altered ; that is to say that the educative 
inftuence of the act of pecking carried out by the 
‘mother in the presence of her young is replaced by thet 
of striking gently on the food with the finger nail or 
amusthec pointed object.” 

‘The next fostance is stil mare typical. Tn the cage 
of a young magpie, about five weeks old, which he had 
reared from the egg, the observer placed « dish of 
‘water, The bird pecked twice at the water, after 
which, although it had never peevicasly been in the 
‘water, and although it cemaiood all the time outside 
the dish, it began ta make all he movements usoally 
carried out by a bird when it bathes itvel: it drew 
bark its head, shook itelt and moved ite wings and its 
‘ail and finally strutted proudly around, “This exse 
Aso," ade out author, “ lones ith astonishing character 
if we assume that we are dealing with an inherited 
engram on which the stioslus of contact with the 
‘water acts ecphorically, although this stimulus aflects 
aml « salt portion of the body.” 

‘Huber relates the case of a caterpillar which by a 
series of actions manufactures for the purposes af its 
papation a very complicated web. Now be found 
that if he placed one of these caterpillars which bad 
arzived at the sitth stage of its work on another web 
which was only completed as far as the third stage, 
far from evidencing the slightest embarrassment St 
repeated perfectly the fourth, ith and sixth stages of 
‘the construction of the web. Ox the otber band, i be 
took « caterpillar from a web in the third stage and 
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Placed it ia another web which bad been completed 
9 far ts the ninth stage so tbat the insect would bein 
positon to spare itself the greeter part of its labour, 
then the caterpillar was utterly anahle to omlt the 
fntermediate stages and to begin ita work at the ninth 
stage; It begun work at the third etage which it bad 
fast lft unfinished, go that inthe new web which the 
creature proceeded to spin the fourth, Sth, sixth, 
seventh and cighth stages were spun twice. These 
facts nce interpceted by Semon in the following 
manner. “The caterpillar isin a similar cooditlon 
to that in which we find ourselves when we have to 
recite a piece of poutry which we have often recited 
before, We can easily repeat it from the beginning 
te the end, but we are not in a position to begin it and 
carry it on starting from any given poine oo the mere 
suggestion of a whispered word. At least, we are not 
ableto doit at the rt attempt. If however, we hove 
reslted, eveo if only once, » given portion in » loud 
voice, then we can within the Limits of this portion 
commence and repeat any part of it starting fom any 
point whatsoever: 

We know that birde brought up in an incubator 
‘which Rave never in their lives seen a nest, begin at 
once to build a neat when the opportunity tomate is 
afforded them, 26 that they succeed in bailing nesta 
guite similar to, if not so perfect, ax those built by 
other adults which have bit acsts belore, these Initer 
adgltsbaying presumably learst to build nets through 
sexing them built by older and more experienced birds, 
[Now this impulse to build a nest cam be snpprented by 
‘resenting to the Birds a completed oest, provided 
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that it doce not difler too mch from the nest pecallar 
to the mpecies. 

‘The most remarkable fact in conection with this 
nest-building instinct ic that i the nest shown to the 
bird while nat so different from the typical nest a8 to be 
rejected is, neverthelats, obviously dissimilar to this, 
‘he bird will set about catrecting it by throwing away 
what i abzormal in it and replacing what i wanting. 
‘We have to remember that this is done by hirds which 
fn their iodividual Lives bave never seen a nest and 
‘hich have no personal experience of egg-laying or of 
the young which they are golng to produce for the 
fst time, “The characteristic feature of tere 
processes,” Semon justly goes on to ay, “ is that the 
‘notmal svccemion of reactions i modiged by the 
‘actual complex atimulas exarted by the nest offered to 
the binds in such a way that it cccresponds to the 
iffereuce between this actual stiqulys end the 
ultimate effect of the mnemonic excitation which 
‘would have consisted in the coostraction ofthe typical 
reat of the species, In other words, in 90 for 9s the 
Actual complex stimnlus exerted on the animal by the 
rest offered to it exhibits divergencies from the 
stimulus which would have been normally produced 
bythe nest built ia consequence of maemonicreactions, 
it calls forth different reactions on the part of the 
animals in order to remove these divergencies 
[Now this impaise to remove the difference between. 
‘an actual complex impression and the srailer impres- 
soa called up by the memory is one of the most 
characteristic manifestations of mnemonic activity, 
‘Therefore, regarded inthis ight, the bors inatinct to 
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wosséruct 2 nest is seen to be a mnemonic pheno- 

‘After having thus shown thet many " tendencies to 
instability ” of ongenisaas which ave certainly oot 
Deen acquired during their individual lives, neverthe- 
lesa behave exactly lke engrams acquired during 
life if we may judge from their modes of excitation and 
‘6 manifestation, Seqion goss on to point out that not 
merely the cases of development which we have just 
ascribed whick might almost be mid to be of a 
Peyehic character, Dut all ontogenetic phenomena, 
including those which might be termed morphogenetic. 
in the narrower sease, can be cormprised within the 
‘category of engraphic “ tendencies to irritability.’ 

His proof of this proposition is especially based o 
he fact that the morphological passage from one stage 
‘of development to wnother is evoked by stimuli which, 
‘on account of their nature, or of the conditions of the 
eavironment within which they work, could certainly 
ever exert a true “ formative” action ; but which 
may be easly interpreted ax ““eepberic sttmuli” 
Acting oa an engram of an & given seties of engramns 
‘which the species has acquired during its past history, 
as, for instance, when certain amphibia, in order to 
‘begin their metamorphosis from galled animals to 
pulmonate animals, require previously to come iat 
omtact with a ar, 

Te this explanation is valld, that 1s to oay, f the 
Phenomena of normal development wre also to be 
Attributed to the " eephoric release” of one or of & 
series of engrams, it follows that many of the epecial 
‘morphogenetic phenomena are susceptible of a new 
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explanation fundamentally similar to that given of 
phenomena beionging to a purely paychlc category, 
‘Thus, ta give one instance, the tendency of organisms 
to restore their normal form when this haa bees 
destroyed, 1s heppees when an amputated meanber 
4s regenerated, would be nothing but tbe tendency ta 
do away with the divergencies between the actual 
abnormal morphological condition and the normal 
morphological condition mnemonically recalled, This 
tendency would consequently be of the same etsental 
character as that described above, manifested by the 
Did which begins to alter the nest presented to it, 
‘inti this neat has been made to conform to the type 
pectllar to the species, 

Soch i s brief and impartial summary of the 
theory of Semon. However attractively and master- 
fully it has been expounded by him we fel bound to 
add a word on a fundamental dificulty which Semon 
‘has neceusarily encountered in his exposition of it, wud 
which we do not think that be has mxccesfilly 
surmonated, 

Since the faets force us to assume that some of the 
most characteristic engrams acquired doting ile, ax 
for instance ordinary memories, must be localised is 
certain parts of the body, Semoa is muuch embarassed 
in tying to explain haw these engrarns are transmitted 
4n heredity, sinca their position bas no ecatiom to that 
‘of the germ-cells by means of which they mut 
nevertheless be transmitted. 

His attempt to escape from this dilemmun consists i 
tsewence ofa denial, a deSancect facts, that thereis a 
real localisation even of ordinary memories. He 
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substitutes for localisation « bypotbetical difusion of 
each engruphic effect, paychical as well as morpho- 
‘genetic, whether simple or complex, and therefore of 
cach engram. This difhision be pictures es spreading 
ssut from the Emited zone where the action is at its 
‘maximum intensity and retching with coatioually 
decreasing intensity, but without alteration of quality, 
not only all the cells of the body including the germ 
calls, but even each of the smallest living waits of each 
call to which Semon gives the mame" protomercs.” 
[Now we nsed not emphasise the objection that, nt 
we have already stated, such an assumption is fo 
irect contradiction with the best ascertained facts, 
‘such 28 those which are provided by discasea of 
‘memory iu which we can demonstrate that there ie & 
trae localisation of maerconic phenomena becanas exch 
category of impressions of which the memory is lost in 
Always corcelated with a defiite lesion of a well- 
defined region of the brain or the rest of the nervous 
system. We need only ask what intelligible meaning 
could we attach to this diffusion of each engraphic 
action, psychic or morphogenetic, eves. of the utmost 
complexity, which is supposed to take place in such a 
‘way that the effect remains qualitatively the seme 
‘hough of diflering degrees of fatensity throughout all 
‘the minutest constituents of the organism, as for 
Snstance the difasion of a visual impression to mus- 
cular Sbres, glandular oes and 20 forth, or the 
iffusion of 2 local functional adaptation throughout 
theentire ongusiam? Wht indeed, but a purely verbal 
explanation, devoid of anything comparable with any 
Phenomenon of model known to us, is gained by 
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suggesting that the inheritabilty of the innmmerble 
engrams which make up the entire ontogecy, both 
‘those acguired during the life of the indvidual and 
‘howe inherited, of both peychie end morphogenetic 
type, is duc to the accumulation of all these exgrams 
Jn each “ protomere ” of the germ-plesm? 

‘Semoa’s theory, therefore, eufiers the fate ofall the 
‘timilar mnemonic theories of heredity which have. 
preceded it. This in indeed inevitable, because the 
close comparison of the phesomena of memory in the 
narrow sense with ontogenetic phetomens, though, 
many have recognised that this comparison enshrines 
fe fondamestal truth, will be ueable to yield any 
‘ealtive reslts so Song as we decine to put forward 
‘any bypotbesis a to the nature of mnemonic property, 
‘and 10 long as we do not recognise the existence af a 
true localisation of the morphogenetic memory of the 
species, such as exists for the peychic memory acquired 
Dy the individual during his tie, 

‘As the reader has learat from the previous chapters, 
in which a short account only of this subject is given, 
It a jut these two poiats which we have dealt with in 
our work entitled “On the Inheritance of Acquired, 
Characters,” which have Jed us to advance the 
hypotheses of specific accumulation and of centro- 
epigenesis, which seem to us to give a perfectly 
satisfactory explanation of the mechaninm of this 
“ transmission of engrams.” 

‘Ris for this reason that, in concloding what we have 
to may on the wotk of Semon, we find ourselves in a 
position to give the following imparts! answer ta the 
‘question which be himself bas raised, vir, whether by 
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tis new terminalogy be has done anything beyond 
expressing in other worés the fact be bas endivodred 
to explain. We find that the realt of bis studies la 
seething very tar indeed from being a mere dierent 
mode of the expression of well-ksowa fact, His new 
nomenclature, hie careful choice of facts, and his 
ingeaious method of arcanging them and of discming 
them, bas succeeded in impresing on the acicatic 
taind, ia a much moce saggrtive manner than any of 
bis predecesors, the idea that the intinets and the 
other inborn tendencies ofthe orgasm, incuding the 
morphogenetic tendencies, o0 account of the dream. 
‘stances in which they become active and of the nature 

‘hr mcifestations, are very probably eothing bot 
“"engrams” which the ancestors of the partlelar 
{individual buve noquired durtog their lives and which 
they have transtted to the paticnlar individual by 
heredity. This statement of the result which be bas 
obtained is waficent to make us appreciate the worth 
fzd importance of bit work. Hat he has not 
saccaeded in throwing the last ight on the mature of 
this eographic action nex oo the way in which the 
engrazss are transmitted from fatber to son, and this 
sireumstance does much to dace bis theory, fr it 
ion thie eccouat that he does nat succeed in removing 
from tis affrmation of the identity of mnemonic 
phenomena in the narrower sense and morphogenstic. 
‘rocestes, the appearance of Being forced comparison 
‘wth ooe another of phenomena of exsenially dierent 
anatase. 








Our centro-epigenetic hypothesis expounded in the 
second anid third chapters of this work end Seow’ 

theory of which we have given an abstract ia the 
preceding chapter, are founded principally, althongh 
fot exclusively, on the facts observed in the asimal 
Kingdom. It appears, therefore, to be a matter of 
‘gest importance in the confirmation of moemonic 
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Sir Francis Darwin, who delivered the Presigential 
‘Address to the Brith Asoocition for the Advance- 
‘mant of Science in 1998, on the occasion of the annual 
imecting of the Astoclation beld i Dublin, reminded 
‘is hearece that that year was the sath anniversary of 
the publication of the two works by Charles Darwin 
and Alfred Wallace on the origin of species. After he 
dnad veviewed in masterly fashion some of the most 
Iatly debated questions celating to the developrnent of 
‘arganiums, he declared himtelf to be a decided sd- 
Iherent of the mnersonic theories. Nevertheless, with 
‘ecat impartialiry, whilst emphasising the light 
which these theories threw on the phenomena of 
development, and sowing on what a series of well 
attested observations they were buted, he did not 
‘omit to mention their weak point, which resets from. 
the dificult question which is raised by them con 
cerning the mode of the hereditary transmission. 
‘Thin question ia concerned with the way in which 
morptological changes, produced fn the body by its 
‘continual adaptation to the succetsive changes in the 
eaviroument, could leave mnemonic traces of theni- 
raves in the nucei of the germ-cells. Of courte, it a 
not the mere fact of transmission in itself which seems 
inconceivable. As Sir Francis Darwin himself has 
recognised, the system of intercellular protoplasmic 
‘ridges supplies us, even in cases such as those of the 
plants where the necvous system with all its fibres 
find Sbcile is wanting, with that iioplawic netwark 
penetrating all the recemes of the orguniom which 
‘Nagel dreamed of, This network, Nigel imagined, 
‘would allow every local disturbance of the body to 
a 
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iftase ita echo throoghoct all the other parta of the 
ody, inciding the germ calla 

‘What is dificult to imagine is, how a local morpho- 
logical change, produced by the environment in any 
‘given part of the body, even when this change is not 
‘uniform at all polsts, could, as Semon supposed, be 
resolved into and peopagated through tbe rest of the 
body as an impulse or excitation of a definite hind, 
‘hich, whilst diminishing in intensity, would nevee- 
‘heleas romain qualitatively dential with itself, until 
ft imprinted itself on the muclei of the germ cells 
‘where it was preserved 20 28 t0 be cepable at 2 given 
moment of being restored or evoked. A further 
ificalty was to conceive how the difusioa of this 
particwar impale, proceeding from a given past of 
the bedy, could remain distinet trom and fndependent 
of other similar impulses produced at the same time by 
(he most varied local changes in all the other parts of 
‘the body. 

Sir Francis Darwin suggested, therefore, our centro 
epigenetic theory at an alternative to Semon’s bypo- 
‘thesis, which bas some analogy with Charles Darwin's 
theory of pangenesis. Semon, in fact, has merely 
substituted for Darwin's "pangenet,” which were 
supposed to be produced in all the ces of the body 
by the changes in the environment, and which if 
fered from cell to ec, the transmission by nervous 
paths of ali the ew impressions or loca) eogrems, 
dering from point to point of the organism, pro- 
daced by every new external stizales, 
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“excitation docs aot remain anchsnged as it passes 
from one paint to another of the organism. Cn the 
contrary, a3 it traverses each nucleus it changes its 
character either a3 result of the direct modifying 
ction exercised on it by that mucleue ot of ite come 
‘ination with all the other “ excitations ” ot impulses 
‘which at that instant converge to meetin that auelews, 
It follows that at each point of the onganimn, and 
comequently alto in the point where the gertainal 
substance i situated, thete will be at one and the 
same time only a single resultant excitation whose 
specific nature, though variable from point to point, 
will be the function and expression of the general state 
of the nervous ciccalation cade up of all the nervous 
impulses passing through the body which constltute, 
taken together, the complex paysiclorico-morpho- 
logical stato of the organiam. 

‘The successive physiclogicommorphological states 
which raake up the successive phylogenetic stage 
‘traversed by a given species, wil each produca in the 
Germinal enbstance, which is always situated in the 
same relative position in the organises, a corresponding 
resultant excitation, and each wach resultant excita- 
‘ion will ints turn eave ix the gerar-platm a inoemonic 
fapreseion or accuntalation capable of restoring in 
each new ontogeny the tame specific “excitation ” 
‘which gave tise to it. It in sufficent then to assume 
‘that the germinal vubstance is always situated in the 
same place, both when itis receiving end accumulating 
resultant impressions, or when it is reemitting then 
fn each new ontogeay, to explein why the developing 
‘organism patses throug ll the physialogio-tmorpho- 
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logical states traversed by the specie in is evelution, 
‘though, of course, this restoration of previous states 
may be more of lees abridged (* recepitulated “) 
according to the degree of preservation of the corres: 
pooding mnemonic depots. In a similar way it 
‘suffices that single point of the membrane of a 
Phonograph should again poss through all the com 
Aitions through whick it passed whea the membrane 
received the sonarous impressions, in ordte that the 

membrane should again pass through all the 
extremely complex conditions which were originally 
‘Produced in it by the external worid and which ara 
ow reproduced by the action of wu single internal 
palat, 

Sir Francis Darwin shows what ® simpliscation 
reaults from our hypothesis ; for whilst, acconding to 
Weismann, as well as to Semon, the iost minute 
‘particolaritien of structure and even the most micto- 
seopie portions of the edit of each stage in 
development, including the adult stage, tomst cack 
be repemented fn the germ-plasse by a corresponding 
“"Setertninant ” of “engfatm,” according te ont 
‘theory, a single moemonic element in the gesmixal 
mbstance is sufficient to represent and determine in 
‘ts eotizety the mode of being complex of each corres 
ponding stage of the oxtogeny. 

Bat Siz Francis Darwin has made a pectonal 
contribution, and one af the highest interest, to the 
facta which support moemonic theories in general and 
ours in particular. It is the affirmation amply 
Meveloped and demonstrated by Lim, especially for 
plants, of the fundamental identity between the 
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teniporary variations of form, constituting the move- 
rmests of otgunisms, and the definite changes of far, 
‘oF morphological modifications of organisms. 

Tf we assame this identity, and if we at the samp 
time admit the mnemonic natace of the reptodue- 
tloa of movements which were previoutly caused by 
‘external stimli, we should aaturally dednce a similer 
aatate for the reprodaction in the plant of morpbo- 
Topical changes. Thus, for instance, plats which 
sleep, bend dowa and subsequently re-elevate their 
Teaver or change ia some other manser the sual 
aspect of the leaves, according to « rhythan originally 
‘Produced by the succession of day and night, us ir 
Broved by the fact that the period of this rhyttan 
may be altered by « quicker or slower alternation of 
lertificial ight and darkness, These rhythms, whether 
ratisal of artificially modified, petsist even if the 
plant is lept for some days ia complete darkness, 
‘This perristence is obviowly due to some process of 
‘amzemonic nature. Now the same thing can be seex 
in certain permanent morphological changes, Thuis 
1 beech tree can produce leaves of euck diferent types 
Chat they som to beloag to two diffrent species, 
according as i¢ grows in sunlight ot in shade. The 
‘ontogeny is diferent im the two cases, and this dif- 
ference is due to a different action of the euvironroent. 
‘Bot the interesting point is that there are other plants 
‘which grow best in the shade in which the shape of 
the loaves is similar to that of the leaves which the 
beech puts forth in the shade, but in which this atape 
thas now become a permanent characteristic of the 
species and does uot vary, whatever may be the degree 
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of inmination to which the plant is exposed, Com 
sequently the shape of the leaves which in the beech 
is determined by the enviconmest, is produced in 
‘these plants ina purely mnemonic manner. Gosbel 
‘has drawn attention to the fact that in certain orchids 
‘the assimllatory roots fake oc a Sattened form when 
they are exposed to sunlight, whilst in other species 
‘this modification bas become spontaneous and is 
auasifested even when the roots are in darkness, 

‘We may reccark, moreover, that the sudden vasia~ 
tors in form which constitute the movements of 
Plants, whether they are cavsed by stimali from the 
environment or whether they are produced in & 
‘moemonic way, are effected, just asin animals, by the 
‘tranamiesion of excitations” of nervous impulies 
which pasa from certain parts of the plant to otber 
‘parts, Hence—and it is in this point that the theory 
of Six Francis Darwin farishes  powectu) support 
to our centro-epigenetic hypothesis —we must atribnte 
Jo these nervous impulses, mot only the ovements of 
lands, but ato their definite variation inform or morpho~ 
logical modifications, wince we Rave seen that these tater 
170 of the same nature a3 the movemenés 

‘Wo can now ace why botanists have given a much 
more cordial welcome to mnemonic theories than 
oclogists themselves. There is, in fact, in the cure 
of the plant,» much closer dependeace than fa the 
‘animal of the serie of morphological changes com 
stituting development on the envizonment. At the 
same time, the movements of plants are such slower 
‘ea those of aninuale, and they often tuke the form of 
f passage of the plant from one form to another in 
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‘whlch It persists for a considerable time, These 
circumstances have rendered it easy to perceive the 
lose analogy between morphological modifications 
and movemen's, 

orecver, the fact that plants, ough completely 
devoid ofa nervous system, maniest the phenomena of 
instability, of transmission of stimuli and of memory, 
1a Tent support to the view thet all the seratie nucle 
fre easentally sinilar im natare to those of the nerwe 
centres, and that the iatercellalar bridges have the 
‘same power of transmitting stimli which is possessed 
by the nerve fibres. Consequently it cesses to be 
Ancomprehensible that ia the embryo animal duriog 
its earliest stages of development, even when it as yet 
Posseates no nervous system, the succeasive phases 
of ontogeny could be caused by the discharge and 
‘teungmitlon of uervous energy. 





can bs explained by oor hypothesis of the mature of the 
mnemonic property of Hving sobstance. In the 
‘Present chapter we shall compare the explanations of 
‘the pusposefuiness of life which are provided by the 
metaphysical theories, which we may term "pane 
‘unimist,” of which Pauly isthe best known exponent, 
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‘aod by our momonic theory. Subsequently, in the 
two following chapters we shall deal directly with 
tthe question of the porposefainess in all its mani- 
Yestations and with the quettion of its exmntially 
mnemonic character, 

4n his mock discussed book entitled “ Darwiniamus 
and Lamarckiconss, Entwart einer paychophysischan 
‘Teloologic"* (Munich, 1903), August Pauly expounda 
in the clearest way the fundamental difference 
‘between the Darwinian and the Lamarckian con 
ceptions of evolution. 

‘Darwinism, ha says, in alleging that it ls possible 
to explain all organic evolution by the atroggle for 
‘existence and natural selection, regards the faculty 
of sethadaptation of ving beings itself as a result of 
‘the accumulation of fortuitous variations, whilst on 
the contrary this faculty is evidently a primordial und 
fundamental property of life. in consequence, Darwin 
‘has contizvally revolved round the queation without 
solviog it and has thus done mote that anyone ole 
to prevent our obtaining @ deeper and more intimate 
lkoowledge of vital phencmens. On the contrary, 
Lamarck attacked the problem directly and directed 
‘is attention from the frst to definite instances of 
‘Adaptation to an end which were correlated with 
changes or intensifcations of functions and which 
consequently represented new adaptations in the act 
of appearing. Consequently, according to Darwin, 
‘the orguniem acquired all its properties in a passive 
‘manner, whereas, according to Lamarck, the organism 
‘acquired them by directly forming them for itself by 
ita own uetivity, 
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After beving thos dafized the relations sustained to 
one avotber by the fundamental conceptions of 
Darwinism ond Lamarckiom respectively, Pauly, who 
isa supporter of Lamarck, proceeds tothe study of the 
basal property of argunisms, viz, adaptability to ends 
0 " Zmeclambssighett.” 

Every action, he observes, ls parposeltl, and its 
direction toward an ead is caused by the mnemonic 
recollection aud astociation of two experiences, vizone 
of fet need and ou of the means by which this need 
Ihas previously been satisfied. This astocation pro- 
duces a "'Judgmest ” of « payehical aature, but 
evidnatly asoociated in its activity with physical 
energy, as to the capacity of the means to satisty the 
givea need. 

‘Pauly goes on to say that we iearn from the study of 
Phylogenetic history that in accomplishing each new 
‘adaptation the enimal always employs as instruments 
‘hows which it chances to potest, vis, already formed 
‘orpbological structures which until then had serves 
other ends, but which at s given momect the animal 
iscovera that it can put toa new use, nad that it isin 
consequence of the new ave that theee structures 
decome alowly wodifed. A good instance of tock 
‘modification is provided by the limbs of Crustacea 
‘which have been transformed is accordance with tbe 
‘we made of them by the animal, but which were 
originally all similar to ane another. 

‘Tha ute for & new and completely different purpote 
of an instrament until ther employed for another 
dednite end, is really a true tavention om the part of the 
animal. Some of these “inventions” bave only 
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produced results of Limited importance, but others 
Ihave Jed fo results of far-reaching importance which 
naturally could never have been foreseen at their first 
origin. “" We need only think,” remares Pauly, “of 
‘the importance of the reenlts In the evolutlon ot the 
Jamas jews and face, which flowed iram the discovery 
‘that the branchial arches could be wed to ncize 
nourishment.” 

This clear that cach “ invention” may, and in moat 
ance will, be succeeded by another similar one whieh 
‘will employ fora different end what its predecessor bas 
"{nveated,” which in turn was produced by the 
modification of still older structure, and sa. pro- 
ceeding from iaveation to investion, the organism 
‘wil be able to build itself up directly by ts own work. 

‘We consider that this” auto-plesmation " ought to 
be recognised, posibly to « much greater degree than 
Ut has boem in the past, and it ts the merit of Penly to 
Ihave forced it on our attention. 

‘To maintain that in virtue of its own efforts an 
animal succeeds in satisfying its new needs by the we 
tf old meass, and by this new use, ever better guided 
by the accumulated experience of its former eflorts, 
ebanges its organs by making them constantly better 
‘Adapted to the new uses—this is perhaps only to assert 
what hay already been said about the formation of a, 
‘organ by its fanction—but in this manner mere 
‘Prominence i given te the part which the ioteligence 
of the animal is supposed to play in this modification, 

‘This " aute-platmetion” can only be true for 
organs, the fasctioos of which are controlled ky the 
will, Let us, however, note that macy ects now 
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Aevoluntary begun as voluntary ection, and it follows 
hat the raage of this auto-plasmstic action will be 
very grettly extended. Bat bow far ought it to be 
exteaded ? That, indeed, is a dificult question, 

‘The evolution of the middle finger of the hand of 
Chiromys madagascariensis, which is much looger and 
slenderer than the other fingers and which is employed 
bby the anime! to extract from the tubalar crvitinn of 
planta the pith o inmect larvm, may have been caused 
Dy the ever-increasing sil om the part of the animal in 
emiploying this organ for this use, a skill acquired os 8 
renult of many more or less succesafal efforts, This 
‘will tem more probable if we asvame that the contrac 
tion of the epidermis teads to make the finger more 
slender, aod if the dongation of the moscalar fibrea 
which involves the lengthening of the bones has bee2, 
to evon a small extent, onder the control of (be will. 
‘Wa might, pethaps, make the same assurmptiony—at 
‘any rate in part—ebout the formation of the great 

laws and other appendagesof the Crustaces meationed 
‘above, xbout the foraation of some orgeas or parts of 
angens erapioyed by tnscets (or cleaning ther entenne, 
‘about the elongation of the neck and fore-limbs of the 
Gicafie, about the legs of cranes and other marshy 
birds, sbout the curvatore of the cornea of the eye by 
which it is adapted to distinct perception ia very. 
iftecont circumstances, and about the voral organs of 
singing birds and of other animals in genera. 

‘But can we essume an onlimited extension of this 
* guto-plaamation ”? Jsit possible to atsame it ix the 
cease of the first formation of bones? Our author 
maintains that whee mineral salts are Goce abun 
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Aantly deposited in the latercellolar substance, the 
snimal must expesienca the greater ristance ta 
deformation which the time acquires thereby and 
‘thot it can thus judge of the capacity of this means, 
constituted by the pretence of these salts in its 
iroulatory fas, of satisfying the need experienced of 
‘greater resistance in certain parts of the body. Now 
wwe hardly think thet roany people will be disposed 
to admit that even if Uae anizal had had thio experi 
ence asa result of a hypothetical magalfed venitlity, 
it could have racceeded by its effort in increasing the 
deposit of mineral matter in the necessary places, 

Puoly, indend, goes vo far as to maictaia that every 
‘nyed felt by the animal as a whoie s tretsmitted to ita 
smallest parts, and that consequently wach of thene 
parts is rendered capable of feeling the want of 
‘choosing the necemsary means far its satisfaction, and 
that it can thea perform the apprapriate actions, 
But can such assumptions be really regarded a8 & 
serlous attempt at explanation ? 

Panly’s theory therefore most be clamed with 
‘theories which we may term viteistico-animistic 
even if they do wot ioclude any definitely religious 
lemeuts. All these thearies agree in assuming, a9 8 
fundamental characteristic of vital energy, not some 
simple and elementary properties similar ta those of 
other forms of energy even if variable from one type 
of eneray to another, but coe extraordinary very 
complicated quality more or les similar to the reason 
of man. 

‘We shall certaisly not be deterred tram considering 
Pauly as an animiet by the fact that, after ixvolving 
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hhimself ever deeper in metaphyeical obscurity, be 
nally attributes this property of intelligence to all 
cocrey and ta this way imagines that he can rewlve 
‘the old duatinm between living apd dead matter. 
‘But it is useless to stop to discum this mere play of 
words. It ig mare useful to draw attention to the 
fact that at tha present time we can observe every= 
‘where 4 tarked revival of these vitaliatico-animistic 
ideas and the favourable reception which bas been 
accorded to Pauly’s wark is « conspicuous testimony 
{to the reulity of this revival. 

This revival, we must admit bas been the result of 
the utter impotence of purely mechanical or phytioo- 
chemical theories to give any reasonable explanation 
‘of numerous essential features of vital phenomena, 
copecielly of thove which in marked degree give 
evidence of purpose. They cimnct explain onto- 
onetic development in which orgnas are formed whieh 
fre adapted to the performance of functions which 
they will only accomplish in the aéalt, nor can they 
stccount for the activities of animals and plants which 
undeniably strive to eccormplsh ends which cen only 
‘be achieved in = more or is distant future, 

four only aiSeulty was to account for the property 
‘which organiums possess of adapting themeclves ot 
every moment to continually changing external 
circumstances, we could select = large number of 
instances from the inocgunic world which appear to be, 
in certain respects, of similar though not identical 
‘suture, For indeed every physico-chemical system, if 
ite dyvamic equiliium be disturbed by exteraal 
focess, tends to settle down into a new condition of 
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¢ynamic equilibrium—that is“ to adapt itelf "to new 
externa! circamstances. 

No one, we imagine, would become excited in 
ting the power of “ adapting itself to an 
meclcmassigkeit ”) possessed by the flowing 
‘water in 1 river, which accumulates behied the piers of 
1 bridge to such an extent as to prodace the presbure 
‘meceamry to increase the rapidity of flow so that the 
tact quantity of water pastes lo a given time as 
parsed in the sme time before the bridge was built, 
For in this case it is obvious thar what brigs about 
the passage from a condition of disturbance to a new 
condition of equilibrium i just the fect that the 
current canuot stop, bat i forced te continae to flow 
fn the sare volume. It is tndeed the very obstucis 
‘which opposes the natural fow of the current which 
‘beings about the conditions (raising the waterevel 
above the bridge) requiced to establish a new dynamic 
‘equilibrium and to accelerate the rapidity of flow 
‘which ft should apparently retard. 

We might make the sume assertion about the 
ectrcal energy which passes between two metallic 
plates embedded in the earth and mainteined at 
4 constant difereece of potentia? from ove anotber. 
‘When the dynamic equilibrium of this fow is dix 
turbed by 2 greeter dyes of the aic which cases 
too rapid evaporetion and makes the superficial ayer 
of the sil Into a bad conductor, the electric energy is 
occed ta pass through deeper layers of the ground. 
So, too, we may take the case of the chemical energy 
‘eleased by the stroag eSinity of two elements foreach, 
other, When the tro compounds, each containing 
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oe of these elements, are dlstclved, the multiple 
reactions which cepolt from the mixtara of these 
solutions are modified by 4 lowering af temperstare 
‘which slows down or even reverses some of the 
secondary reactions. In these cases alio we find that 
the sloctrical energy or chemical energy continues to be 
produced, and thet it i just for this reason that the 
obstacle to its passage or tots production, crentes the 
very conditions necessary for the establishment of & 
ew equilibrium. 

Jn the same way, if we asnume that within certain 
Jimits of variation of the environment vital energy is 
unable tostop, but goes on being contimually produced, 
land, moreover, that the tendency of liviog substance 
to increase continually fa amount is the result of & 
corresponding irresistible tendency to expansion i 
vital evergy, remulting froma defsite transformations of 
‘energy, then every obstacle which within these limits 
‘oppones the vital proceas will produce the new condi- 
tions (if necessary by stimulating the vital process 
iteel) capable of establishing « new dynamic equill- 
‘iom, which is really an doptation to the new 
snvironment 

‘Thus, though we are sti unable completdy 10 
explain thesz, certain facts wil 20 longer appear to ut 
ts the remnite of mysterious properties of living 
substance, as for instance, the fact that when tissues 
fe submatted to pressure or traction, these infuencee, 
which pecbaps at Srst constitute hindrances to the 
contimuanoe af the vital peocess, may become chinged 
into geunine “ trophle stimali” (Roox), as we learn 
‘kom the stracture of bones and the enlargement of the 
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Stalis of heavy fruits, oc om the other fact that when 
(he superficial ayers of the skins of animals or of eset 
are subjected to too great evaporation by being tras 
ported toa drier climate, ot wheo they ate transferred 
40 colder conditions, they can resist and become 
adapted even to these unfavourable conditions of the 
eavitonmeat by corresponding modifiations of their 
vital processes. 

But what these mechanical azd physicochemical 
analogies are unable to explain even in outline isthe 
power of anticipation by which aa otgeniam prepares 
to ncoommodate itself to conditions not yet realised, 

‘We mast, therefore, assame the existence of a new 
‘oparty quite peculiar to vital energy. This property 
‘would consit fa the circumstance that every state of 
physiological aquifbrium ast gives place ton pew O08 
always leaves a trace of itself behind, This trace 
‘world conaist of an azcumalation of « corresponding 
npocise variety of vital encray in each of the points 
‘of the organism which bave been the seat of this 
phytialogieal procens now replaced by a new one. 
1 follows that the return to activity of the physlo- 
logical system No. x might be produced by the 
recurrence of » portion, peskaps even # small ove, of 
‘tha eaviroamental conditions in response to which tis 
phystological sytem wes originay constitated. 

‘This power of releasing ” an aucient physiological 
system by the reproduction of only a portion of tha 
cenvismmental coaditions which originally determined 
its frst appearance, is just this primordial funda 
mental “mmemoaic” property of Living sabstence 
which, ax we have already seen, iti pre-emineatly the 
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‘macit of Hering and Semon és kave forced on out 
attention. It 8 thie property which gives to all vital 
phenomena, from thote of memory in the narrower 
enae down to and inciading ali physiological pheno- 
‘mens, expecially those of development, the eppearence 
‘of preparations for enviromental conditions which 
‘are not ts yet completely realised. It is just this 
‘reparation for future conditions which constitutes 
‘the purposeful character of all vital pheoemena snd of 
aychic acta 

‘We see, therefore, that besides the alternative of 
purely eechanical physico-chemical theories, and of 
vitalisticoasimistic conceptions, there is r000% for 
thin! hypotheais which we bave endetvoured to set 
forth in detail in the preceding chapters and which, 
for want of a better came, me may call the vtalistico- 
‘energetic theory. According to this theory, vital 
nergy, which i perhaps merely nervous energy, 
‘though it in subject to the goneral laws of energetica, 
is characterised by quite pecaliar qualities, oo thet it 
Aiflers trom otber forms of energy, just us these differ 
frat cath other ; these qualities are, however, of & 
simple elementary nature, capable of being clearly 
Aefined, just like those of so-called physico-chemical 
forms of energy. 

‘This theory, althoogh it does not afford an explana 
ton fa the strict sense of the wotd of the phenomens 
‘of life, rach ax would allow of more extended and. 
‘precise prediction of their course, may nevertheless 
suggest a new point of view, which might direct 
sesoarch in a diferent and more promising direction 
from that suggested by techanical and physioo- 
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eheical views, which bislogsts have o far followed. 
Perhaps rach rezarches, by esving to dene cleanly 
fhe properties whieh wil coergy aban with other 
forms of eaergy and thowe by wbich iti diatngaahed 
fom them, mey succeed one day in aly termdnat- 
ing the ageloog contzoversy between vtalsty 126 
rateralat, 


CHAPTER Vit 


Tax Metaome Basis of Tez Puwostrueas 
(Poxausy) oF Loe () 





Baronr approaching the subject of the purposeful: 
‘ness or finalism of life, the philosophic importance 
of which is very greet, we may take 2 backward 
tglance over the road wwe have already traversed. In 
the curler chapters we were concerned chiefly, though 
aot exclusively, with ontogenic purposetulness, which 
is only one aspect of the general groblerm. It was 
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means of the transmimibility of acquired characters, 
‘that we elaborated our centro<pigenetic hypothesis, 
‘Which, a5 we ave seed, is fundamentally a mmesoonic 
theory. We have now to consider the purposefolness 
of life in all its aspects. And, first of all, we shall 
show that this maemonic property, to which we had 
recourse in our centro-cpigenetic hypotheds, explaine 
at the same time ancther manifestation—ove of the 
‘most characteristic—of the purposefulnaas of life; 
‘hat isto say, it also explains the origin and nature 
‘of the “ effective tendencies," aa I shall term them, 
‘This will form the aubject matter of the present 
chapter ; and in the ebapter which fellows it (CX) 
1 shal take the opportunity offered by certain 
fundamental considerations, which may be de- 
duced from oartain characteristic properties of the 
adletivn tendencies, to examise the question of the 
‘purposetulnass af Life ia the most general possible 
way. 

TK we examine the mode of action or the 
" behaviour ” of various organisms from the protinta 
to man, we see that & whole seties of their actions, 
inclading the most essential, may be interpreted os 
{instances of « teadency of the organism to maintain 
for to retura to its “ stationary " physiological stato— 
‘uring Ontwald’s terminology in ie writings on enee- 
tion. In other words, if wo ose the term ‘‘efective 
‘to denote that special category af engunie impulece 
which mubjectively appear in our experience as 
desires," “appetites and “wants,” and which 
objectively are manifested as nom-mechanical move- 
sents, either actual or inceptive (Le. in the nascent 
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tate), then we may consider all the principal 
“affective tendencies” as examples of the funda- 
mental tendency of the orgenism to maintain its 


Physiological candition unchanged. 
We wee, for instance, that the most fundamental 
" affective tendency” of all, viz, huoger, ix in the 





‘inal analysis nothing but an impulse to maintain or 
‘to restore in the internal mutritive medium the quali- 
tative end quantitive conditions necessary for meta- 
boliam to persist in its “stationary” state, This is 
shown by the fact that once the condition of the 
‘internal nutritive medium bes become normal, all 
dire oc the part of the animal to seek additional 
pourshment ipeo facto disappears. 

‘Thus, « treah-water polyp and 4 veu-enessone only 
‘react positively towards food if their metabolism isin 
such a state oa to require mace material ” (Jennings) ; 
to food placed on the disc of the large vea-enemone, 
‘Sioichactis halignihus, when the axial is mot bungry, 
evokes the aime characteristic “ repulsive reaction” 
fas does any deleterious substance. Al! organisms, 
from the top to the bottom of the scale of complexity 
of organisation, act in the same way. 

The experiments of Schif, who Injected nutuitive 
substances into the veins of a dog. prove io the clearest 
‘way that the exzentiad aatare of hunger is the im- 
poverishment of the supply of histogenete eubstances 
in the blood. For these injections not oniy nourished 
the dog bot they clo essaaged its hunger. 

Tr fellows obviously, we need scarcely say, that it ix 
fa matter of quite secondary importance that the 
feeling of hunger, whes it is stoderate, takes the form 
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cof sensation localised in the wall of the stomach, 
‘which impels the eniza) to the same actions as those 
dictated by true bungee, This is only w case of the 
vicarious action of part aa representative of the wbele, 
which characterises all maemonie proceases; and this 
ia true for the teudency to physiological stability, 
‘which i# algo, 08 we sball sor later, of « muemonic, 
ature. These sensations, localised in the mucous 
‘membrane of the stomach, and due to the distension, 
ofits cells, to some other similar change caused by 
the empty condition of the cavity, owing to the 
ctreunastance that they ordinarily precede and actom- 
pany the werioos diminution of the bistogenetic 
substances of the blood, eventnally become the 
vicarious and repretectative manifestations of the 
deficiency of these ubstances. 

‘The same explanation can be given of thirst 
‘and its apparent localisation in the upper parts of the 
Aigestive tube. 

‘We might now pass from the comideration of 
Iranger and thirst to that of other fundacental 
“appetites” or " needs" All these, by their man‘- 
festations, would reveal to us that their sole purpose 
in to reestablish the norzas? physiological condition, 
which ia some way haa been destroyed or disturbed, 

So for each kind of animal there is an optimum 
environment a3 regards the concentration of the 
solution in which the animal lives, or the temperatare 
of the medium, or the iutentity of ituminstion, above 
oc below the level of which the orgunitin can no longer 
amafataln its normal physiological condition, and 
which it strives at all costs to maintain. Wa see, 
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for instance, that at a temperatare of 28° C., Para- 
mecimma reacts negatively to = rise of temperature, 
Whilst at 2a°C.,it reacts negatively toa fall of txpeta- 
ure, So alo Euglena, ic moderte dlumination, 
reacts negatively to a dimizution of lumincsity, 
‘whereas when it is exposed to Light of great intensity, 
‘tacts in the exactly contrary manner. 

Tn these casee and others the tendency to maintain 
‘the normal paytiological condition ls changed into & 
‘tendency to maictain the stability of the median 
‘aveloping the organism, whether this be an external 
(or internal mediars, ‘Ths oysters and sea-aneonet 
expoted to the air shut up, ic a word, they behave 
in such a way as to preserve their typical Internal 
‘condition of humidity wachanged. Under the cate- 
{ory of stability of environment wast be incinded also 
‘the potiticn of the orguniam in relation to the various 
forces acting on it, and above all the force of eravity. 
From the tendency to maintain this relatiombip 
unchanged is derived the effort of the organism to 
[Preanrve of to reestablish its proper portion in space. 
Tous Amorba usually retracts its peeudopodia when 
these come into contact with solid non-edible sab- 
stances ; but when it is sospended in mid-water, st 
extends its pseudopodie in all @cections, and as 200n 
tn it has succeeded in. touching a solid body with ome 
of them, it attaches itself to Uhis and draws ite whale 
body in this direction, and so restores its old relation 
to the substratum. 

‘A stardich, when placed opside down, strives to 
“ight” iteelt—that is to return to its normal en 
vironmental conditions with respect 10 gravity. 


us 











BIOLOGICAL MEMORY 


Again, the seed of eliminating the mbntences 
proxiuced by metsbolion, which the orgunism caz 20 
Jooger make use of, can be comprited in the anve 
category, whether we are dealing with the lowest 
fnfavorian or with the most complicated vertebrate, 
For the feeling of the “ need of getting rid of these 
substances, although it may be evobed by loot] 
venaationa which act as stimulants to the performance 
of the eliminatory act, sin the last resort due to the 
tack that the accumulation of the products of 
estructive metabelian in the interior of the animal 
‘would distarb its normal physiological state, 

To this subdivision of eliminatory “ affective " 
‘tendeacios sees to belong alo the vexual " instinat 
oc" hunger." Therein a tendency nowadays te regard 
this sexual hunger,” like ordinary hanger, as having 
its seat notin the localised region, such us the genital 
‘organs, but in the entire organism, and to suggest a5 
the ultimate conse of the sexual instinct the need 
expeinaced of getting cid of the germina) substance. 
‘According to this view, “ sexual hunger would be 
sothing bot the effort ofthe organism to get rid of the 
physiological disturbance produced by the germinal 
substance, thia distrbaace beiog a romlt of the 
bvormal ad unstable condition of the sncear 
substance of the germicel cells, reduced toa bal, and 
Tipe for fertilisation, and of its slow disintegration, 
which ects as am imitating borzaonis seretion, diffu 
‘ng itn thooghout the entre organiem. 

“The more of leas beiiant “nuptial Hvery,” with 
‘which nearly all animals are clothed at the time of 
mating, is thereto denote what an abnormal condition 
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of hypersecretion is caused by these hormonie dite 
integrative products of the germinal substance, and 
to indicate wit a profound physiological disturbance 
of all the cells of the body is caused by it, 

‘The impabe to eliminate such a profoundly éis- 
tubing substance would subsequently become an 
fcopulse towards sexual ualen aa the proper means of 

Ti follows that, us Ribot justly remarks, sexual love 
is fundamentally egoatic, He says: "In the 
‘vast majocity of animals the sexual snstinet ix 
‘tot accompanied by aay tender emotion. Once 
the sexual act is sccamplinhed, seperation and 
oblivicence eupervene.” 

This theccy which gives to the sexual instinct 
merely the significance of the impulve to eliminate an 
lnritating wabstance, allows os to view thiv instinct 
in a very diferent Might frow: that ia whieh tt has wnt 
ow been considered. If the theory is accepted it 
‘would not be for the “ good” of the species, but salely 
for that of the individual that the enxeal instinct 
Inn beea evolved and. had developed. It could vo 
longer be regarded as the “ will of the specs" in 
‘Posing ite on the individual, as many with Schopen- 
Ihaver stil continue to believe, but rather in this cate, 
‘asin all others, the ~ will of the individual ittel! — 
‘unt is the normal impoloe of the individual tomaintain 
{ts normal physiological condition unchanged. 

Once we have suoceeded im referring the stxial 
Instinct to the category of impalbes seeking to maintain 
‘unchanged the normal stationary physisigical state 
of the organise, this law is found to held good, without 
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exception, forall the " afictive tendencies.” Weean 
therefore briedy formulate it ln the following words. 
Each orgmniom is a physiological system in a 
‘stationary (stable) condition and strives to maintain 
that condition, oF to restore it every time that it is 
Giaturbed bys chsoge supervening in cither the 
external or interaal exvironmect. This property is 
the basis of al) the most easential organic “ necds" 
and “appetites.” All movements of approach or 
retreat, of attack or flight, of captuce or rejection, 
canted ont by animals are only so maay direct of 
Indirect consequesces of this geaeral tendency of exch 
“stationary” physiological state to maintain iteelt 
‘unchanged, We sball see later bow this tendency 
4s celated to the (undamental mnemonic property of 
al living substance. 

This sole genetalised physiological tendency will 
feccouct for x whole series of the most varied special 
™ allective tendencies.” Thus every special cause of 
istarbance will produce & corresponding ianpulse of 
repulsion with its own peculiar characteristics deter 
sained by the nature of the disturbance, by its intensity 
tod by the means which itis necessary to adopt in 
carder to evade the disturbance, and for each factar 
capable of preserving the normal physiological con- 
ition or restoring it, we shall have a corresponding 
and distinct impulse of “"Tenging,” “desire,” 

attraction ” and 20 forth. 

‘Tho instinct of sell-preservation,” in the narrower 
sense of the preservation of the life of the individual, 
in elo only a special derivative and dizect consequence 
of this general tendency to the preservation of the 
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normal physiological state, ince itis obwious that every 
situation which finally becomes fatal in at Gist « mare 
intwrbance, and itis under this aspect thatthe animal 
atrives and learns to escape from it. Thus the Amba. 
of Jennings which was completely swallowed by 
auother Arab and strove to escape and 
vltimately succeeded in doing 9, did mat vot to 
void a factor which endangered its fife, but 
merely to escape from a situation which wus 
profoundly disturbing. 

‘Quinton, ass well-known, was the iret to develop & 
theocy of the tendency of orgasisns to maintain their 
own internal envirocment ic the same physlco- 
chemical conditions which prevailed whea Ife Sst 
‘appeared on the earth. But the theory which we have 
Jost sot forth Limits tbelf, an we have seen, to dealing 
With this tendency to stability which is manifested 
every moment is the roode of " behaviour” of each, 
individual, Tastead of verving at « doubtful paint of 
aparture, as dows the theory of Quinton, fora theory 
of the evolution of species, it forms a solid basis from, 
which it is possible to derive all the " agective ten- 
dencies " of the animal world. 

‘Though it is a factor of stability as cegarda the 
individual, this teadency towards physiological 
invariabllity bas become one of the peincipel factors 
‘in variation and progress, so for as the specins is 
concemed, bat in quite another sense than that 
Indicated by Quinton ; it is because it has aroused 
fand developed the power of movement, whic con 
stitutes the greatest distinction, though it ls not am 
sbeolute one, between the animal and vogetable worlds, 
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apd because the development of this power has 
entailed the development and improvement ofall the 
locomotor apparatus and of the nervous system 
orraiated therewith, the diferent forms of which 
constitute a large proportion of the fupdementel 
characteristics which distinguish the various kinds of 
animals from one anotker. 

Finally, this universal tendency to stability 20 far 
as the individeal is eancerned, bas become in man 
fone of the principal factors in all social evolution. 
For we can see that all techaica! inventions, and the 
‘hole of economic production have bad and still have, 
directly or indirectly, one single parpone, fron the Grst 
Gwellings of the troglodytes, the use of kins at 
clothing and the discovery of fre, up to the greatest 
‘ebineraents of our tne, acd that aim bes bees, and is, 
‘to muintain by axtigcial meuns the greatest posible 
stability of the eaviroamect 08 a vecesory and 
feaficient condition for preserving the physiological 
invariabiity. 


Tn addition to the fundamental property possessed 
bby all organisms of striving each to maintain itn 
normal physiological condition unchanged and to 
restore it when it is distarbed, they possess azother 
property which ia fts tara has gives rise to mew 
* aflectivitin.” 

For whes the former “ stationary " physislogical 
Mate can be zo longer restored by the use of any 
fevice—that ia to say, by any form of movement—the 
‘organism tends to pou into a new “stationary” state 
which is compatible with the new interaal ar external 
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savironment. Thus arise a new ect of phenomena 
termed" phenomena of adaptation.” 

For instance the claasical experiments of Dallinger 
fon the acclimetisetion of the lower onpanisas have 
proved that infuseria cam be gradually aceuatomed to 
endure susceasively higher temperatures, and after @ 
year of such graduated increases of temperatare they 
‘succeed ia living under conditions which waold kill a 
sirailac organisa which had not been soclimatised, 
Similarly we know that the same species of protozoa 
‘occa beth in fresh and salt water, and that it is 
possible gradually to nccustom the amabe and 
{nfasoria of freeh water to live in water of « degree of 
‘salinity which would at fret have destroyed thean | 
and many other examples of similar new aduptations 
‘could be given, 

Now whet is interesting to note in that the pew 
environmental conditions, to which the animal 
gradually becomes accustomed, finally become for it 
optimum condition. * Individual adaptation,” writes 
Dellinger (as for instance, to « new condition of 
salinity), “takes place socording to the lew that the 
conditions of density under which en individual ib 
focoed to live, tend to become in time the most 
favourable conditions for that individsal.” 

‘The truth of thin law can be proved even for 
‘vegetable organize. 

‘Thus plesmedia of Myxomyectes, which would 
‘succumb if suddenly placed in solutions of glucove of a 
strength of 2 per cent. and which retire from solutions 
cf for even 4 percent., can be gradually accustomed 
to live in solutions of 3 per cent. and show by their 
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‘babaviour that they prefer these to wesker solutions, 
Tre diatom Naviewle Brevis pormally aveids light 
of even minimum intensity, but diatoms in a cultsre 
‘which had been previously exposed for several weeks 
‘to the full light of window, tended to accumulate 
in the best lighted portion of « drop of water when 
‘thin drop was replaced in the peimitive obscusity. 

‘The common sea-aneanone (Aclinie equine) which in 
found attached to rocks in every conceivable position 
‘with regard to the vertical—with the axis of the body 
distcted upward, downwards of horizontally, seems 
to Decome 20 much accustomed to Its particular 
Position that when it is removed from its support it 
tends to revert to its old postion. Thus when sex 
anemoned, attached in all sorts of positions, are 
collected and put into an aquarium, " weean obeerve,"” 
writer M. Piéroo, “a tendency asongst them in 
seeking new attachments to assure the same potion 
(with repard to the vertical) as that which they 
previously occupied.” 

‘We could give numerous other examples of sialar 
phenomena, but the impertant poiot is to emphasise 
their significance. ‘They prove that the new physio. 
logical condition which coostitotes the adaptation of 
the organism to the mew environment, once it bas 
‘esa established and has lasted some time, tends to 
rentore itself, Now this tendency to ita own " reacti- 
‘vation “or reproduction which is thus manifested by 
every former physiological state % nothing else than 
the tendency to its ows “evocation” shown by every 
moemonie accumulation, and is therefore of « parely 
mnemonic cbarsctet. 
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Consequently there {allows = deduction of even 
(greater importance, which is that we mast attribute a 
‘similar mnemonic nature to this fundamental tendency 
to preserve physiological stability whence we bave 
derived all the most fandamental “ affective tendeo- 
ee” of all ceganisms without exception, In fact, 
fin the cases which we have mentioned, a quite new 
and recently acquired physiological state is able to 
deposit a mnemonic accumulation of itself suficiently 
strong to ensure its own revival, we can easily 
‘understand how the normal physllogical state, by 
reason of its immensely longer duration, should 
manifest a much more powerful maeasonic tendency 
to reestablish itself when it is disturbed. 

‘This implies that all the mumaberiess elementary 
physiological states in various points of the body, 
‘which together make up the general physiological 
atate of the whole, heve each the power of depositing 
{a own specific accumulation, just as everything ads 
‘us to fuppote that the nervous currents passing in the 
bornin, which give rise to the varied sensations, leave 
Tbehind them similar mnemonic deposits which ean 
‘cause the revival of these sensations. By the phmse 
“specie accumulation,” we mean only this, that 
each accumulation, by its discharge, gives rise to 
exactly the same specific vaslety of nervous current, 
by the action of which as “charging current" it 
‘was deposited. 

‘The extension ofthis power of specie accumulation 
toall physiological pheuomens, is tn barmony with the 
‘taeory which regards scrvous eneruy as the basis of 
all vital phenomena. 
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‘There would only be this difference, that in pryebde 
meenory In the narrower sense, the plenoroean of the 
caeitation or ncharge of the nervous energy are 
‘prominently ia the foreground, whilst the epecial 
physicochemical phenomena, accompanying this 
‘nervous dacharge, recede Inte the background, 2 that 
‘util quite recently they were cotpletely ignored, and 
‘that amongst physiological phenomena exactly the 
revane happens, bat the diferenos is one of degree, 
and not of nataze. 

(Claude Bernard meiotaioa fo fact thet "ll forms 
of tmitablit oftving mubatance are esentially identical 
in their patura” Uf, then, aloog with the physico- 
‘chemical phenomena accompanying the setivation, 
for iutance, of both morcular tatce and glandular 
calls the comcoateat specific neous phenome are 
Jem easly pereepible, this is uo reeson to doubt their 
‘aistence. 

‘Au 1 consequente ofthis extention of the mnemonic 
property to all the elementary physologial process 
swe obtain a cma or visceral thaoy of the funda 
* affine tendencies.” By this we mann that tbo 
(endency bath to maintain unchanged the normal 
Physiological state, and to reestablish a glven 
Physiological tate corvesponding to a former 
‘aviromment, is due to 2 whole mase of sementary 
specie eccumslations, which, varying in their specie 
natace from point to point of the body, consitate, 
taken together, x vor of potential energy acting like 
4 foros of gravitation towards the medium or envlsan~ 
rest, which either tends to maintain or to restabtish 
‘tho whole physclogical state represented by these 
elementary accumulations 
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(Of come, in organisms provided with 2 nerreus 
rystem, wide by side with cach of these “ affective 
tendencies” of purely somatic origin and seat, there 
will gradually be added « co-operative and vicarious 

“tendency,” due to cinemouic deposits in that 
‘particular part of the nervous syateza which isin dizect 
relation with the part of the body where the visceral 

‘affective tendency" originates. Ta man this part 
will be Flechsig’s “area of visceral senantion 
(xerpefaiiephard) in the lerein, to which im certain 
cases the frontal region of the cortex is added. 

‘There are, therefore, two fundamental propertice 
‘which the affective tendencies derive from their 
musemonie visceral origin, vis, (2) that of having 
a diffage neat, that ia of being diffuse in thei localisn~ 
tion, and (2) that of being “ subjective (personal}, 
that is of varying from individual to individual. 

‘Tha fist property i due to the fact that every 
physiological tate afects every poiot in the body, oF 
{n that large part of the body in which itis etablished, 
and contequeatly affects also all the sursbariess points 
of that part of the brain in which the coerespondiog 
‘part of the organism is, soto speak, reflected. Whilst, 
‘therefore, we have every reason to believe that each 
sensory mnemonic accamnlation bas its seat in a sole 
point, of, at most, le a narrowly limited ares of the 
cerebral cortex, we are equally justied, on the other 
‘hand, in supposing that each  aficetive tendency “ is 
‘made up of an infizite nassber of elementary mnemoxic 
sceumrulations deposited in each point of the body and 
‘in cach corresponding point of the brain, 

‘As regards the second property of the affective 
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‘tendencies, viz, that of being subjective or personal, 
thisis due to fhe fact that the organism will by endowed 
‘with certain idiosynerasies, and with certain longings 
(nostalgia), according to the various environments oF 
sitvations to wbich the individaal or the epecien bas 
‘been exposed in the past far a ruficient leagth of time, 
‘that is to say, according to the particular history in 
exch case. So we can understand the subjectivity 
‘and the infinite variety which are menifested in all 
‘the wants, appetites, and desires, and in all that 
becomes tie subject af allective judgment. 


Tn mupport of the hypothesis of the mnemonic 
inate of all the efective tendencies which we have 
just set fort, we might addace exainpls of specatived 
affective tendencies which have arisen through habit. 
Te will be sufficient to take as single instance of these 
tenidencies, maternal love. 

Evidently this ix an example of the habit of 
parasitic relationship or of symbiosis, which from 
having been continsed for macy generations, ban 
sraduaity become changed, by the mnemonic property, 
into an aflective tendency towards those relations. 
‘As Giard mays, “Comparative ethology shows us in 
the clearest manner that the relations between the 
parental organism and its offspring are fundamentally 
similar to those which subsist between 3 hort and its 
parasite, aod that after @ period of fontability, during 
‘which the one or the other orgenism eufles for the 
advantage of its companion, the relations between 
‘them attain a condition of motsal equilibrium.” 

For inatance, if we conalder the question of lactation, 
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wwe find that this began by the young ones sucking 
up the secretions of the saderiferout glands in the 
breast of the mother which covered them, and that this 
hhabit has caused these glands to develop into milk- 
sfands and has at the same time developed in the 
smother a veritable ceaving to be wucked. To quote 
Giard agai, “Amangst mammal it isto the phenomens 
of lactation and suckling that we must look for the 
origins of the relations of rmstaal symbiosis which 
‘unite the mother and the child, The physiclogial 
disturbances of pregnancy and partuction ental, 
amongst other very curious results, a hypersecretion 
of the mammary glands which are only « locel 
hypertrophy of the sebsceous glands of the thin. 
‘The young one by licking up and sucking thissecretion, 
‘roma which it derivenits first nosriehroent, assnoges th 
smeed experienced by the female tobe arked, and inthis 
way it becomes for ite mother escans af comfort.” 

That the need of being sucked is the origin of 
maternal love we ste quite plainly from the fact 
that if a mother is deprived of her offspring, she feels 
‘the need of replacing them by other nurseling. 
“The need of ridding herself of an itztating secre- 
tion," writes Giard, "is sometimes so powerful as to 
fndace the female deprived of her young to steal the 
offspring of another female, and these thelte of 
children kave also been observed in females which 
were tucking their owa children; ay very often 
Dapeng, the satisfaction derived from assuaging & 
eed had led ther to seek still greater measures of 
‘this satisfaction, and even to goto excess. 

In the cases observed by Lloyd Morgan, this need of 
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the mother to give suck takes on the aspect of a tender 
solitude for the nourishment of the young. “Ihave 
seen,” he says, “ both bitches and cats get up tnd 
again lie down so as to bring the teats inte closer 
‘proximity to the month of eny young one which tailed 
‘te Gnd thers, When 2 lamb in weakly and fail to nd 
‘the teat, the mother sot infrequently uses its ehoulder, 
Incad und neck asa lever to plaos the lara om it lege, 
sand having accomplished this, straddles over the 
Jaumb and brings the teats against its lips, aud these 
florts are continued watil the Little animal sucks 

‘This typlea? instance shows us clearly how the n0ed 
of getting rid of the milk bas lod fo an affective 
attraction towards the young one ax the customary 
‘means of eliminating this id, in the sxe way thet 
the desire to elimluate the germinal substance, na we 
have seen above, bax Jed to an afective attraction 
‘towards the opposite sex as affording the usual means 
fof getting rid of this substance. 

In polnt of fact, just as " soxval attraction " ceases, 
once the gertainal substance has been got rié of, 20 
“maternal affection,” in the case of most mammals, 
‘ceasen es p00n 8s the need of getting rid of the milk 
comes to an end. “Matera! affection,” observes 
Ginrd, “does not usually survive the esuses which 
have brought it into being, and only obscure traces 
of it can be found once lactation bas ceased.” 

ically, the fact that meterual loveis stronger than. 
‘paternal love, and thet the love of parects for thuiz 
children is stronger than that of children for their 
pareats, support the view that ail these" affectivities 
have originated as the renult of habits; for they 
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Gemonsteate that thane sflectivities are proportionately 
stronger, eccordiog to the nomber and persistence of 
‘the relations fram which they have originated. “In 
the animal Kingdom in general” observes Ribot, 
‘paternal love is rare and unstable, and amongst the 
lower representatives of bumenity itis a very feeble 
emotion, and a very loose tie.” Tt is only met with in 
the cate of stable soxual unions, where the corumon 
fo “has exeated a current of aiection dus to the 
‘motual help which the partzers render to each otha.” 

“ Bveryone admits," says Pilon, “that the lave of 
parents for their chiltren exceeds in intensity the 
love of chikdren for their parents, and if we compare 
the father and the mother, it is the Intter that han 
‘most fove for the ebild. The reason of thin in that 
in the mother, a3 a result of ber special functions, 
‘the love is nourished and iocressed—much more than 
it etn the case of the (ather~by the contiity ofthe 
‘cts to which love is due.” 

But maternal love and family love in general, 
originating 15 they do in certain relations which heve 
Yecome habitual, constitute only one particular 
lastance of a very generol lew , Every other relation 
‘even if very specialised, which become established 
‘with things or persons, bas no sooner became 2 habit 
‘than it becomes, i virtue of this wery fact, « “ ured.” 

Ine word, Lebrana’s law of “ the necessity of the 
Tuabitual,” which thet author enuncated for every 
stimuhis to which we became accustomed, and the 
cessation of which gives rise to.a need, can be verified 
in the case of every relation to the eovirenment, 
general or particalar, 
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“I have in my room,” wrote a friend to G, E, 
Maller, “a clock which does not go for more than 25 
‘hours without being rewound, and se it very often 
stope, When that occurs, I notice it at ence, whereas, 
of course, T perceive nothing as long as the cock is 
going. When it stopped for the first time, this was 
the change which took place in me: T experienoed 
all at once an indefinable uneasiness «kind of empti- 
ness without being able to discover the cause of it, 
Te was only after some reflection that I found the cause 
in the stoppage of the clock.” 

Moreover, itis « familiar fact known to everybody, 
that habit can induce us to take pleurnce tn things 
which are at first disagrorable, and that certain 
adits which a man contracts during his life-time, 
Decome (or him needs as imperious as the so-called 
natural ones. "* Smokers, oufltakers, and thave wha 
‘chew tobncco,” writes Herbert Spencer, “furnish 
familiag instances of the way in which the long 
persistence in a tensation, vot originally agreeable, 
takes it plesearable, the sensation iteelt remaining 
unchanged. The like bappens with various foods and 
drinks, which, at first distasteful, are fterwards 
eaatly relished if frequently taken.” 

Tn this way the nostalgia. (longing) for every cam 
tomary thing which lappeot to be wanting, is 
originated.“ There is peodaced,” writes Ribot, “in 
certain animals 2 condicion comparable to. our 
postalgia whici manifests itself in a violent desire to 
return to plates which they formerly inbabited, or by 
‘the pining away which revalts from the absence of 
‘People and of things to which they are aocastomed.” 
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Thus, for instance, persistent habit sofices to 
explain the onigin and deeply engrained character in 
both animals and men of many affective tendencies, 
analogous to family affection, but ofa far wider range 
such as gregariaumess, sociability, friendship and 20 
san, Spencer speaks tas of them: “ The pereeption of 
Klodred beings, perpetually seen, beard and smelt, 
will come to form a predominant pert of consciousmesa, 
40 predominant a part that the sbcence of it will 
inevitably cause discomfort.” 

roan these few examples, which we have adduced as, 
illnstrations of our hypothesis, we se how profoundly 
‘true is the popolar saying that “habit is wecond 
ature’ 

Ut, however, we have the opportunity of watching 
the most various kinds of " allectivitis ” originate 
before our eyes—so to apeak—os the resuts of habit, 
‘we are justified in reecring ¢o mnemonic causes of the 
‘ame kind, al the afective tendencies, without excep- 
tion, for the eature of those that arg inborn ip 
exactly tha same as the mature of those that are 
quired; just as Lamarekian evolutionists, arguing 
from cases of functional adaptation acquired during 
life which they have observed, ogitimately deduce the 
conclusion that the whole general structure of the 
cxganism has been built up by 2 long series of similar 
functional adaptations. 

‘We may thus supplement the popular saying that 
“habit ia second nature,” by adding, inversely, 
“ nature is nothing bat primordial habit 











‘There is another special property of “ allective 
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4 is what Ribot tems their power of transference.’ 
In virtue of this property the aHcctivitien of direct 
mnemonic origin give rise to secondary affectvities, 
‘which may thus be said to hevo an indirect mnemonke 
origin. 

‘This property of ~ transference” consists in the 
vicarious substitution of the whole by a part. In 
virtue of this peoperty, portions of a situation which 
in its totality has bees previoualy an object of dete, 
‘or situations regarded as analogous to tbe desired ont, 
‘or suviroamental relations which constitute suitable 
‘meant for the accomplishment of the dered end, of, 
finally, environmental relations which have always 
‘been associated with thia end, aro able to ewaken the 
same “ nfectivity ” as the end itsell. 

This eecondary afectivity at first ewakened by the 
issence of a part as representative of the whole, 
comes in couse of tine, through habit, to be firmly. 
attached to this part, which theneeforward becomes 
esired for itself, quite apart from its mature ax © 
representative of the situation fret desized only as n 
whole. 

‘This ia what occurs, as we have already indicated, 
with regard to the union of the two sexes—desired at 
first apa means of getting rid of germinal sobetances— 
(cid Als tth caged 66 tas owndory sera ecto 
‘8 custotaary phenomena ettociated with this usin, 
Twoth of which are now longed far, quite apart from 
the need of eliminating the disturbing germinal 
vubstance, The “congusst of the opposite sex, 
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‘which is Indlapecsabie for the satisfaction of “ sexual 
Inger,” eventually becomes in certain people an end 
1m itself; the delight in seduction for the sake of 
seduction, the sexoa! vanity of the male es wall at of 
the female, and other similar affectivities are further 
Gerivatives of the sexual appetite. 

‘The same thing is true ofthe action of a caralvorous 
‘animal in tearing its prey to pieces, This action 
Degins by being the customary means of satilying 
hanger, but it finally becomes a delight in cruelty for 
‘the sake of cruelty. “* One half of the animal ence,” 
writes Bain, “lives upon prey ; and as itis delightful 
to eat, 00 it must be delightfol to Kil Pleasarable 
oust also be all the signs of dlscomiture, the halpless 
struggles and agonised geatures of the victim.” 

As a result of further transference,” in the case of 
‘maa, this utroggle for Ble gave rise to the desire of 
victory for its own wake, the lust of domniaation, the 
(reed of power, the passion of glory and of renown, 
‘nd the ambition to excel above one’s equals, 

In this and many other similar cases of “ trans- 
ferred" affectivities from relations of a more material 
‘ind to those of lus and Jess material and more and 
‘more moral nature, along with the “ transference 
4n the marrower sense, which makte the part into 
new object of desire, there hes co-operated incessantly, 
im tha higher anivals and in mas, their intelectual 





development. 

Intelligence, fp fact, by the power which it confers 

of & continually increasing capacity of predicting 

externa] phenomena, svccseds in discovering new 

methods, more and more complex and indirect of 
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attaining certain ends, and thot it opens to the 
affective “ transference” an ever wideaing fcld of 
ction, 

‘Arms, orginally invented by man as 2 means of 
selt-preservation, ave attracted an “affective 
“tendency” to themselves, typical of the warrior and 
of the bunter ; similariy the soil, the cultare of whic 
‘has become the principal means of cbtaining food, 
‘nas engendered that intense love of it, for its own sake, 
‘which is found among peasants. 

‘Further, intelligence, by the ever ineressing power 
‘which it confers of foresecing internal psychic cvects, 
ives rise to a whole series of new alfectivities, which 
‘expreos themselves aa desires to prevent the eventual 
disappointment of future affectivities, Thus, for 
instance, the fear of future hunger gives rte, even in & 
satinted man, to an “ afectivity ” directed towards 
‘he preservation and retention in bis own possession 
of stored food, and, as a comequance, ts the general 
“sentiment of property," and to a thoutand of other 
Gesires which civilised man experiences, and which 
Gevelop in him in such an intense degree : the envy 
cof richos, the greediness of Tucre, and other similar 


sentiezents, 


intelligence which makes possible the 
ma of “shades which may be mani- 
fested by the human affective tendencies, In virtue 
‘of the power which intelligence possesies of comeidering 
each environmental relation, as soon as it becomes 
slightly complicated, from several points of view 
‘nearly contemporeneously, it sagcseds in awakening 
simultaneously nomerous aflectivities, and these, then, 
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by mutual union, composition, interference and 
Jbibitloa, as Bain says, finally give rise to on 
exceedingly complex resultant affecivity, which 
according to the umber and natere of its com 
ponents, can from one case to another, manifest 
the finest degrees of difierence. 

‘The instinct of self-preservation, for instance, had 
Already developed in animals the sentiments of fear, of 
timidity, and similar aflectivities, In man it gives 
tite to propitiatory affectivites ofall degrect, noch as 
‘howe of selt-prostration, Inumiity, hypocrisy, adler 
‘lon and wo on. Religious faling itself, in Hts lower 
forms, is directly derived from the propitintory 
Alfectivity. Toe higher forms of religious felling, sock 
‘as are experienced in the contemplation of the 
sublime, ace more highly developed forms of this 
Affectivity 

From the same instinct of sell-preservation, under 
ts defensive and offensive forms, there bad beea 
already developed in all the higher animals, the 
impulse ta attack and counter-attack. In man this 
Impulse Yas assumed the most varied forms and 
varying degrees of development, from the feeling of 
deep hatred to that of scarcely perceptible dislike, 
from the lust of plunder to simple envy, from the 
reat ferocious desire for revenge to the slightest 
resentinent, 

‘The lofty sentiment of "justice itself is the 
istant and scarcely cecognisable derivative of this 
sentiment af sel-preservation. 

Good examples of the high degree of complexity 
‘which can be obtained in this way are provided by 
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maternal lave, which beginning as the physical need 
Of being sucked, develope into the most tender venti- 
rwoents of a pars altruism, and expecially by conjugal 
affection, which begining in purely animal sexual 
Imunger, rites toa harmonious sympathy of the eweeteat 
‘and most dlicate moral aflectivities. 

3¢ will, however, be easly perocived that it i both 
‘uselos tnd impossible to pursue farther the enelyela 
of all the aGectivites, and of all their muanoes which 
hbave ultimately originated and developed in the 
Iigher animals and, above all, io man. 

‘We wish merely to point out, by this very summary 
review, that ouce the organism has acquired 2 stock 
of affective tendencies in a direct mnemonic fashion, 
fand_ouoe the intelligence bes been adequately 
rveloped, the number of further affective tendencies 
‘which can be derived from them by " translerence 
and “ composition” is really infinite 

Ii is, of course, also needless to say to scientific 
men, and eves to young students who Inve already 
‘robbed the ecoutisc spt, that the lowly sanemonie 
‘origin of our roost teoder afiectivities and of our 
‘highest aspirations, abould in no way either shock mx 
or ste or diminish the intense interoal impulse and 
apizitual struggle to attain higher and higher moral 
levels, which we all experience. On the contrary the 
recognition of the eanrmous extent to which our 
souls, starting from such bumble origins, bave been 
able to raise and purify themselves, should give to us 
the sxmurance of the possiblity that they ean be still 
Jurther clevated and parifed, and thus incite us to 
redouble our efforts to attain a still greater degree of 
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‘moral perfection, and a still further ascent towards the 
ideal, 


Tt remains for us, now that the mnemroake origin and 
‘ature of all our affective tendencies has bees demen- 
strated, to consider the consequences with regard to 
‘the urpotefuiness, or fisaliem, of life in general, 
which can be deduced therefrom. Aad thin we abl! 
do in the following chapter. 
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Let us first consider the fundamental character of 


and nature of all the affective tendencies, we can 
deduce from this thesis most important consequences 
as regards the purposefulness of life. 

the alfective tendencies, viz, that they are forees 


striving to reach defmite ends, but leaving indeter- 


minate the route to be followed. 


demonstrating the direct or indirect mnemonic origin 
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‘This property of striving towards an end, without 
any pteferente fot the particular meuns choven to 
reach it, 90 characterstle of the affective tendencies, 
is due to the existence in a potential condition of the 
deGnite physiological condition, general or partie, the 
‘e-awalkening of which constitutes the sole and realend, 
‘This mmemoale accumplation is, as we have seen in 
the preceding chapter, the trace left behind by a re 
action of the organism, either to the whsle environ 
ment or to some particular elements of it, and it tends 
‘ow, lke every other kind of potential energy, once it 
is“ released " by the persistence or return of the ol 
enviroument, or of some part of it, to become aguin 
Kinetic. In a wosd, the existence of the affective 
tendeney eesults only in lmpeling the organism 
towards the medium or the environmental relations 
‘which permit the corresponding physiological con 
ition aguin to became active ; but this *impulsion * 
does not fa itself invelve « preference for one set of 
‘movements rather than another, any one of which 
might eventually prove able to bring back the organisa 
to the medium it strives for, bed mone of tiich,sror- 
Fielass, Rave anything im common mith the definition 
Phyviclogical condition which tends again Jo Become 
active. It is only when a series of movements bas 
smuccended by chance better than others ia restoring 
the organises to the desired environmental conditions, 
that from that time ow it will be preferred ta the 
others; which is expressed by the statement thet 
the allectivity has made « choice (Wiliam James, 
Baldwin and all the American School). 

“This amounts to saying that tis only from this time 


169, » 





BIOLOGICAL MEMORY 


on, that the aliectivity will become by mnemonic 
‘atociatlon an “ impolsion ” towards & given series of 
movements which bring abost the desired end, i the 
same way as certain reflexes impinge upon ons nother 
(Sherringtoc). Consequently it will only be from this 
thme thet these movements will be constantly 
‘repeated under the infvence of the affective teadescy, 
‘until they are “ mechanised ” in the form of reflexes. 

‘Bat until this point is reached, the aflective tendency 
is not impelled to discharge itvel! in one way rather 
than ia enother. Soitollows that the great difleeuce 
Between the afective tendency on the one hand and 
the refex on the other hand is just this, that the 
latter—is which the “chosen” act, often repeated, 
tends to become " mechanised” and eutonomous— 
roprments & tendency towards a discharge along a 
predetermined path. It becomes « force of which 
‘the point of application and the direction ara known. 
beforehand, and which can consequently be grephi- 
cally represented by the cortomasy uzow which is 
‘wed to denote ordinary mechanical forces, Tha 
affective tendency om the otter hand isa foroe of which 
‘ncither the point of application nor the direction are 
determined betoretsand, bat solely the point which it 
strives to reach. Tt is a fund of available energy 
‘which cas be applied indifferently to one action or to 
another, provided that the sctiom is adapted to attain, 
the desired end. It cam therefore be represented by 
any one of an infinite oumaber of artows Sling a caoical 
space and all converging towards the apex of the 

A reflex tendency, consequently, only admits of @ 
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ingle solution ; an aflective teodency on the other 
‘hand, so Jong as nove of the posible movements 
performed by chance bes succeeded and bas given 
Tine to « cokes, or so long as many equivalent routee 
‘of reaching the ead are avaiable, is capable of « large 
and indefinite mumber of sointions. 

Tt is this posibiity of numerous alternative 
solutions which constitutes the unfaresoen, the anti 
mechanistle character of affective beluviour, 39 
compared with the predetermined and mechanical 
Dehaviour of the reflex or of every combination of 
fileans, however complicated, like certain instincts, 

Finally, it is thin fundamental ebaracter of an 
Active tendency, namely, that it acts like 1 force 
of gravitation directed towards the suedivm or the 
particular environmental relations which allow of 
‘thn entry into activity of the mamemonic deposits 
constituting the particular tendeacy, which gives to 
the mediur, of the enviroamentel relations, the 
‘appearance of poll from in front (eis fronte) or final 
cause,” of totalling diferent nature from tbe ordinary 
vis a Sergo, oF "actual cause,” which alone is operative 
fm the inorganic world. “Te organism” writes 
Jennings, “seems to work towanis 2 definite end. 
Tn other words, the fcal result of its action wees 
to be present im some way at the beginning, deter. 
rminiog what the action shall be. In this the action of 
living things appeats to contrast with that of things 
Snorgank.” 

[Now we see that this final result of the action is 
really present from the begianing in the form of 
mnemonic accumslation: the medium, or the en- 
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‘viroamental rations towardewhich the animalstrives, 
operate now like o vis « froate solely bocasae they 
ave formerly been a vis a tego, and because the 
‘physiological activities which they have then aroused 
{in tha organism have left behind them © ranemonie 
deposit, which now acts like a veritebie vis « trgo in 
‘moving the living being. 

‘Thus the sume explazation is seen to be vali forall 
‘the finalism of Ife. 

Every manifestation of porposefalness, fom onto- 
Genetic davelopinent, which builds up organs which 
can oaly be used in the adult state to the property of 
physiological states in genera, corresponding tocertain 
‘environmental conditions, to become active at the 
first oppeeranea of phenomena which ordinarily 
recede, but do not constitute, the whole of these 
‘enviroamental conditions; from the perfect morpho- 
logical adaptation of the organism to the environment, 
completed befare the environment ban been. able to 
exert its formative action, to the wonderful arminge- 
ants and epacalied structures $0 nicely calculated 
in view of certain probable conditions to which, in the 
ture, the organism may be exposed ; from simple 
reflex actions “mechanised " for the purpose of the 
‘preservation sud prosperity of the iodividual to all 
the most compiex instincts by which animals provide 
beforehand for future conditions of which they know 
nothing : all these purposeful aspects of life can be 
explained, 25 has boon tet forth ic our works cited 
above and partially in the preceding chapters of this 
hook, a3 20 may manifestations af mnemonic 
ature. 
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Now we have seen thet the affective tendencies 
‘themselves, which are the most prominently purpose 
{ul of all vital phenomens, can also be derived from 
the mnemonic property of living substance, that isin 
he last resart from the power of specif asceasulation, 
‘whichis found only in nervous exergy, the bass f all 
te 

“Mnemonic property,” “power of specific arcu 
mulation,” these by their absence from the inorganic 
‘world leave it completely to the mercy of the “a 
tergo"” forces, and deprive it of all appearance of 
‘purpose; by their presence ta the organic realm they 
make it a world in itself, whose peculiarities the 
Physico-chemical lows interpreted iz the narrow ten80 
costomary to-day, are totally inadequate (o explain, 

So there is generated the tragic and eternal 
‘opposition between our inner life which is steoped {a 
rpote, and which feels purpose to be the very 
marrow of its boces, and the exterpal inorganic world 
which, though it es been anxiously scrutinised for 
smumberless centuties, seems to us to show no trace of 
Ducpose at al. It is this tragie wad eternal opposition 
‘between the purposeful microcoum and the purely 
mechanical mactocomm whieh constitutes the ground 
of the agelong strife between scienon and religion, the 
fist, forced by reasoning based on facts to deny the 
existence of purpote ia the universe, the second, 
irresistibly driven to affirm the prosence of purpore 
by the deepest (exiings of ourselves. 

This struggle between reason and feeling will 
pethape never come to an end, unless man determines 
‘toscek, only within the restricted circle of the world of 
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‘fe with which he has Kinship of Sith and oxture, for 
the fisal reason of bis conduct end the supreme 
purpose of his existence. And this Kinahip of origin 
and nate, if it is thoroughly grasped, wil not fil to 
imbue man with a feeling of sympathy towards every 
Kind of being which can enjoy and eulfer, and in 
particular with a feeling of love ard devotion towarda 
the human family, which constitutes the apex of 
organic evolution, end in which the pulse of le 
‘throbs most actively and consciously. So man will 
De induced to combat everywhere by deeds of goodnens 
fand justice every cause of pain, and to ansst every 
‘cause of gladness, since the fret isn digination and the 
econd an enhancement of vital activity. He will be 
Jed to encourage, at the stme time, all forms of social 
progress, all manifestations of beauty, al efforts 
towards the ideal, se that bumes Life may roll an, 
Decoming more and moze complete, more and more 
farene, and more und more elevated, and that the 
conch of life may scatter into the universe ever more 
Dears of brighter end paser ight, 
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shall oclect the eriticisn of our memonic theory of 
‘ths purposefalnes of life put forward by Prof. Filippo 
Bottarzi, of the University of Naples, who is ome of 
‘the moat authoritative and inflexible representatives, 
cf physico-chemical materialism. We shall give his 
‘xitislam in ite entirety and in his own words: 

“ Every ving orgenitm considered af « statlonary 
system shows, according to the bypotheais advanced 
by Prof. Rignano in his exsay on the purposefolness 
of life, = general teudency to preserve its physiological 
stability, that is its marcel state ; comsequantiy tt 
tends to return to this state after each disturbance 
‘which occurs in the environment, exterior or interior. 
‘This property constitutes the besis of all the funda 
mental organic needs" and ‘appetites’ It givet 
‘ise to and explains the most varied series of special 
fective tendenciee—such as ‘hunger,’ * thir” 
* venual desire.’ etc. and the actions which aim at 
satiafying these needs, 

“Moreover, when the origioal stationery normal 
state can no longer ba restored in any way because 
cof the impossibility of returning to the old environ- 
ment, the organism tends to acquire a new statiooary 
phytlological state compatible with the new on- 
vironment. that is to say, the organium manifests 
the socalled phenomena of adaptation; and when. 
adeptation bas been attained, that is to say, when 
‘the organian has pened into the new stationary 
physiological etate and has maintained itself ia 
this state for some time, it tends to remain in it 
ts if this state were indeed“ second natare’ for it. 

“Now this teadency, whether the physiological state 
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is am original or a secondarily aequired condition, can 
im turn be explained by en alleged fundameatal 
mecnonic property of all Eviog vabstance. This 
tendency to the revival or reproduction of a former 
physiological state—Rignino sucerss—is only the 
tendency to become active which is pounced by 
every mnemonic accumulation. The mzemonic 
property is thus extended to ali the elementary 
Physiological processes, and in this way we obtain 
4 somatic or visceral theory of the fundamental 
affective tendencies. 

“These tendencies Bave « common fundamental 
character, which in to act like « force striving to 
attain an end, but leaving the path to that end 
indeterminate, This fundamental chacacter of the 
affective tendency to act like « force of gravitation 
towards the medium or certain relations with the 
‘medium which will allow the mnemonic accumila- 
tions which make up the tandency, agein to become 
active, is what gives to the envizonment, orto certain 
aspects of it, the appearance of a ‘vis « fronts” 
or ‘final cause,’ of quite a different netare from 
‘the ordinary ‘ ols @ forge’ or actos! cause, which 
alone operates in the inarguote world. 

"Tels these affective tendencies, together with other 
fandamental phesomena of the organic world exam 
fined in detail by Rignazo in kis previous works, 
‘which give to the phenomena of life their appearance 
of purposetalness. Sizoe all these phenomem. ere 
due to the fundamental mnemonic property of living 
substance—that is to say, in the lant revort, to the 
[power of specific accumulation, which s the peculiarity 
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of that nervous energy which forma the basis of all 
the phenomena of the organic wod—ths this 
mnemonic property of nervous exergy will suffice to 
‘explain ull the purposefuiness of life. 

"Such 1, la beicf summary, the very interesting 
iddreas delivered by Prot. Rigoano to the Athenaetm 
of Genera on the aoth af April, and to the College of, 
France on the 24th Apeil, 2920. 

We camot assume that a scientific man of the 
‘worth and attainments of Prof, Rignano could 
‘imagine that all the readers of in address woud 
‘agree with what he bax said on the phenoment of 
1ife, This dlaagreement of many with him will arise 
rot oaly from geeral considerations, since vital 
phenomena are not regarded in the same manner 
‘by the physiologist and by the philosopher of nature, 
‘but also from special considerations. 

"Ht we Drlaly refer to some of the latter, I shoald 
say for my own part that I am not acquainted with 
* pervous energy,” and when I read that it ix the 
basis of life, I contess that this couveys no messing 
to me. Perhaps Prof. Rigzano means to epeak of 
“ payehic energy,’ of Spirit or of the Soul? If 90, 
‘that is quite another matter, and it does aot appeer 
to me euitable to call Spirit ‘ pervous exergy.’ Tt 
may be that Spicit is the batis of life, but in that 
‘case it i alsa the basis of every natural eveat in the 
inorganic world both of uaiversal gravitation and 
cof the simplest chemical equilibrium, as well 13 of 
every affective tendency whatever, aximal or human, 
‘We may, if we wish to do oo. adopt the language 
of physes and call Spirit ‘energy,’ but on condition 
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that we at coos mate clear that im so doing we aver- 
step the bounds of dynamical ecience, because we 
do not yet know from what other fors of enccey 
Spirit can arise, or into what others it can be changed 
‘im accardance with dynamical principles. Perhaps, 
fon the other hand, Prof. Rignano merely meara the 
specific functional setivity of uervous tissue at othez 
tuthors speak of ‘muscnlar energy’ or “ secretory 
suergy.’ This, however, seems to me izedssissible, 
Sponges live and exhibit movements of their sphinc- 
ters without potsesting 2 trace of uervous tissue; 
hhow then can nervous anergy be the basis of their 
lite? 

“Tn spite of the researches of Brallford Robertson 
and others, we do not Imow what is the physiological 
Danis of the mnemonic faculty o of the power of 
‘xccumulation, not only ia the most sharply defined 
form of this faculty which is peculiar to nervous 
tianue, but even of the mare obscare and radimentary 
form of it, which, since Hering, many assume 19 
along to living matter in general. We do not know 
‘what it is that accumulates, or what the traces’ 
are which are accumulated, of which many speak 
#0 confidently, contenting themselves thos with a 
phrase devoid of concrete meaning, One thing, 
owever, is certain, amd that is that slace Van 
Benumelen, physical chemists recognise in nos-}ving 
calloldal systems welldefined maemonic propetties. 
Ii therefore seems to me that we cannot consider 
‘hese properties ax characteristic of living organised 
systems only, and that to attexpt to explain the 
fective tendencies by the mnemonic properties of 
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protoplam is to put forward an explanation of one 
‘ninown by aother unknown. 

“Let us, however, got to the beart of Prof. Riguano's 
address, to the question of the pusposefulness or 
finalinm of vital phesomems. If instead of * the 
tendency to stability’ (invariance), Prof, Rignano had 
spoken of the ‘tendency to the preservation of 
equilibrium,’ he would have given & mote carrect 
‘exprotsion of the matter. It in indeed permissible 
‘to doubt whether the concept of ‘stability’ is 
applicable to living organisms at all. What these 
‘orgaaiams strive to maintain is ot egiven equilidyivet, 
which would be equivalest to tmnaobilty, but just 
eqhilibrivn in general onder different. conditions 
of the environment. When an animal bas satished 
ft hunger, or adapted itself to a temperature very 
iferent ffom that to which it had become sceus- 
tomed, equilbelom is restored within its body, but 
this is « new equilibrium implying different internal 
conditions, which are either apparent or are not 
appreciable with our means of observation. The 
animal which to-day has satisied its hunger is really 
different from the same animal when it assuaged 
its honger yesterday, as Leonardo da Vinci bas already 
pointed out, Just 28 the animal which has become 
adapted to a higher temperature is different, but 
{m this case to a much greater extent, from the same 
‘animal before the adaptation lus taken place, 

“Now, I donot see any essential difference in this 
respect between living systems and inorgasic systems, 
since the tendency to the preservation of equilibrium 
fs equally characteristic of both. in « systern com- 
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posed of carbonate of cakiam, of oxide of caldum, 
and of carbon dioxide, there wil always exiet a 
Aeaite state of equilibrium at every temperature 
sand under every degree of pressure; this equilbeiam 
‘when disturbed will be restored each time ina dierent, 
way; and to each state of equilibrium there will 
‘correspond different internal conditions, becaus the 
masses of the two solid components of the system 
will change and also the peesvare or molecular con 
eentration of the gascous component. And one 
could speak of this inorganic system as displaying 
parpose a9 justly os Messrs. Jennings and Rigauno 
speak of the living organiso. 

“A similar bot moch more complex case in that of 
the peeservation of the equilibrium between the 
Ihydrogen ions and the hydroxy] iont of the blood, 
‘hich constitutes the normal reaction of thio liquid, 
To every increase io the partial pressure of COy 
‘the oyster responds by a corresponding Sxation of 
this gas effected by the available bases, Bat if 
the pressure exceed certain limit, it produces a 
reaction of the protoplasm of certain nerve-cella 
situated io the spinal bulb (respiratory centre) 
‘which then send out stisul to the respiratory muscles, 
‘the rhythm of respiration is accelerated, and the 
reapiration become deepes, and the excess of CO 
{a than got rd of and so equilibcium is re-established 
fn the blood. Let us picture to ourselves a vestel 
containing the same inorganic system as wo have 
Just described, and provided with 2 valve which 
veil open and allow the excess of CO, to eacape when 
the pressure of this gas exceeds a certain limit, 1 


BIOLOGICAL MEMORY 
can heat this system, that is, cause the decomposition 
of CaCO, und the increase of the concentration of 
CO, iu the space ebove the solid, but the normal 
pressure of the gus, that is, the condition of 
equilibrium, will always eventually be restored, 
Ganted the presence of the valve which will allow 
of the escape of the excess of CO,, Shall we say 
‘that “this system seems to strive to attain a definite 
end,’ that ‘the final result of its activity seems in 
tome way to be present from the beginning, governing 
‘whet the action shall be," and that “the final result 
of its action is effectively pretect from the beginning 
‘under the form of a mmemonic accumulation con- 
titutlog a vis « frome or fuat camse’? 

oul, of cour, contlave this argument, but L 
prefer to conclude by a short geceral discussion of the 
matter. 

"What is really important is to learn to know and 
to explsio mtu] phecomena, those of paychic 
life as well as those of vegetable and animal Ile, 
‘and those which are manifested by non-living systema; 
tnd it secs to me that in describing them we should 
abstain from attributing to thera out ideas of purpose 
‘which are 2 peculiar habit of our minds. To mingle 
‘these homan ideas with matur) phenomena by 
attributing purpose to the latter, sems to me, to 
say the least of tt, an arbitrary proceeding and tnoy 
‘even be dangerous 

‘There was a time when in physics and chemistry 
‘we habitually made vse of = language implying 
‘purpose (fire strives to reach the sky, nature abhor 
‘© vaccum, onygen bas tendency to nite with 
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Inydroges}. Now this language hus either disappeared 
of peraiats only as an out-of-date livery covering 
well defined conoepis. At the time of which we 
speak, the differences between the description of 
‘Vitel phenomena. and those of the inorgusie world 
were leas acute than they are at present. A time 
veil soon conae, of at Jeast we ope oo, when language 
ike that wed by Prof. Jeasiags and Prof, Rigneno 
will also have disappeared from physiology, and 
when the difference between dhe descriptions of 
Physiological phenomena axd thow of phytics and 
chemistry will again have become less cbvions, by 
fa change in the opposite direction, the former be- 
‘coming a1 fundamentally and essentially objective 
as the second are at present, without any admixture 
of ‘final causes,’ of ‘affective tendencies’ and of 
“menmoale accumnlations,’ which are et present 
rere forms of words since they refer to observed 
facts of the nature of which we are ignotent and of 
the effective causes of which we koow nothing. 
Now in matural science it in not permistible—for it 
‘would ad to very serious eonsequencer—to work 
‘with verbal expressions denoting facts and phenomena, 
of unknown nature, because, if we do $0, we run the 
Flak of confounding causes with eSects, of mistaking 
superficial analogies with profound causal relations, 
of substitatiog pretences of explanation for real 
explanation, thus perpetnsting and increasing @ 
vonfukon of ideas which is certainly not calealated 
‘to promote the progress of science towards the dis- 
covery of trath.”* 
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researches and mathematics! speculation render to 
‘ope another continual and reciprocal aid, but which is 
almost completely wenting in the realm of the 
iological science. 

i the pure sciestists reply to the too narrow views 
af thoee whe desire to ser immediately the practical 
results of every theoretical speculation by showing the 
enormous injury which would be done to science by 
this toa wtbitarian eutlook, itis but jost to make & 
similar objection to the attitude of those extreme 
specialists who aze inclined to deny all value to 
conceptions and hypotheses which cacnot be inane. 
diately tested experimentally. For indeed certain 
ieaoral conceptions, even if it is impossible to subrait 
them at once to the test of experiment, may never- 
helen be of great valve in allowing of comprehensive 
view of a contased mass of phenomena, which tll now 
have seemed to be totally unrelated to one another, 
‘and in thas providing 2 platform from which it is 
pomible to plan fature researches, Hypotheses, 
‘which as yet cannot be tested experimentally, may be 
amenable to experiment in the near future, just as 
‘certain theoties of pure science which have remained 
‘without practical applications, even for cestuties, 
hhave finally received suck applications, often of great 
utility. Finally, syathetic views may very well serve 
to remind specialists, too prone to be satisfied with 
‘their results, that certain categories of phenomena, 
{Incinding some of quite fondamenta! importance, 
sill await an explanation to which the path followed 
by the specialists has sot, and cannot, bring usa step 
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Thus our critic says that he knows nothing of 
‘nervous energy. and that the term conveya no meaning. 
tohim. Now itis true that no-one has yet proved the 
existence of this energy by experiments in the 
lnboratory,but it is a conception easily comprehensible 
by the studomt of dynamics that there should be 
form of energy which, although it faithtolly obeys 
the goneral laws of energetics, manifests properties 
peculiar to itself and found in no otber form of euergy 
met with is the inorganic weeld. If then the hypo- 
thesis of the existence of x new form of enetry, 
endowed with well-defined properties peculiar to 
itself, ellows us to take a more comprehensive view of 
sll the phenomena of life and to distinguish them. 
sharply from eorgaaic pheromens, in opposition to 
the tendency of physiclogice specialists to consider 
Doth categories to be of the same nature—a tendancy 
due to the technique employed by them by which 
both living and nondiving matter are subjected to 
(he same physico-chemical treatment—thes we can 

‘the valur of thia conception of tach a nervor 
‘nergy, even if the existence of this energy bus not yet 
‘ecw experimentally demonstrated. 

‘The conception of such a form of entry, abeying 
the genecal laws of energetics, but endowed with 
propertion peculiar to iteelt, possested by vo other 
form of inorganic energy, is not in any way ante 
scientific, nor does it involve any metaphysics, and 
it has especially nothing to do with the old mete 
physical conception of the sou) and I am astonished 
that my critic has not recognised the abym which 
divides thate two conceptions, 
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“Sponges.” says our critic, “lve and manifest 
‘movements of their muscular sphincters without 
possesing & trace of cervous tismue; how then can 
nervous energy be the basis of their life 7” In making 
thia statement M. Bottazzi has evidently forgotten 
the foxdamentel conception of Claude Bernard as to 
the easantit identity of the mature of ell the various 
forms of lrritability af Living substace, For it is 
in entire conformity with Bernard's views ‘we 
wore that the same energy, which comtitutes the 
Atritability of nervous substance, is the basis of every 

ther lend of irritability of Living matter, and that 
the ditlerent varieties of the various nuclear discharges 
of & single form of exerxy give rise in protoplasm to 
‘various physico-chemical phesomena, which manifest 
‘themselves as diferent phytiological actions (such aa 
‘muscalar contraction and glandular secretion and 80 
fon). Without the aid of Bernard's conception of the 
casential identity of all the various forms of isitability 
of lying substance, we should have dificuity in 
sussuming that evolution had really occurred, for we 
should be unable to understand how nervous energy, 
if it is only the specific functions) sctivity of « single 
tinue, could have appeared in animals now possesting 
this tissue, but desceaded from ancestors which were 
devoid of such a tissue. Nor could we understand 
ontogenetic development if we did not asmme the 
existence, even in the fertilised egy and in the biastule, 
and gastrula stages, of the same energy which later 
manifests itseif in a more striking maoper is the 
nervous tiues of the adult. There is certainly no 
need for me to remind ¥. Bottazsi how the lower 
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organisms devoid of this tissue and even the ani 
cellular animals show, by their behaviour, certain 
preferences, make choices, and in cartala cites give 
Andubitable evidences of having potted ly past 
‘experience, all phesomena which in higher animals 
sve attributed to the functional activity of nervous 
tage 

“We are completely ignorant,” writes Prof 
Bottazsi “of the physiological basis of the mnemonic 
faculty.” We agree on this point and we likewise 
agree that the hypothesis of the property of forming 
npecific eccumulations—e property which dis 
tinguishes nervous energy from all the other forme 
of anergy in the inorganic wotld—is at yet not 
capable of being verised experimentally. But, apart 
from any hypothesis, we have given a desinition of 
iological memary, which ooly expresses in a general 
formula the facts which everyone regurds a9 cani- 
{ettations of this mnemonic property of living matter. 
We have, in fact, defined s¢ as the property of 
reproduciag by the action of internal causes given 
physiological states for tbe original production of 
‘which external causes were necetary. We may 
know nothing of the nature of these internal eases, 
Dat we recognise 2 series of varied phenomena which 
ean all be comprened within this definition. We 
observe, for instance, that the secretion of certain 
stric juices produced at frst ie a herbivorous 
animal through its being gradually accustonied 19 a 
diet of fea, is subsequently reproduced by internal 
causes, that is, itis no longer produced merely as @ 
conmquence of what is swallowed, but by the mere 
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perception of the smell ofthis kind of food. Similarly 
‘we obsecvs that certain new thythms (of the opening 
and ahattig up of leaves, of the increase ond the 
imioution of the turgeseesce produced by the sap, 
and 50 on) acquired by 2 plant a « consequence ofthe 
alternation of artificial ight and darknese difering in 
erlod from those of day and ight, persist for same 
time without modifcation whether tbe plant be 
exposed to continuous lumination or to continuous 
Aariness, or again to natural daylight, We avociate 
‘these phesomena on the one hand with the fact that 
the sight of a given panomma which represents a 
mowentary physiological state of our brains, can be 
subsequently exactly reproduced as & cetmory, that 
4s to aay in the absence of the exterual agent ; and we 
‘stocinte them om the other band with the develop- 
tment of the embryo itself which reproduces by the 
‘ction of internal casses given physiological and 
‘morphological states, which undoubtedly mast have 
‘owod their origin in previous generations to funetional 
Adaptations, thet ts to the action of definite external 
agents. 

It the natural inorganic world—exduding certain 
‘machines manclactured for this purpose by map, such 
fs the phonogreph and others like it—contained 
phyxicochemical systems which postexed the 
Property that certain of their dynamical states 
Produced in the first instance by the sarrounding 
world and ceating to exist as such when the environ 
‘ment became modified, could be subsequently repro 
duced without the action of the same caviroament, 
‘then we could reelly assert thet the mnemonic 





BIOLOGICAL MEMORY 


‘Property was not pocaliar to life, bat belonged also 
to the inorganic world. 

But we sce that it & impossible to ioclude in this 
category cither the lasting of the impeessions or 
deformations which solid bodies undergo by the 
‘action of given external pressures, or the hysteresis 
‘manifested by icon in a variable field af magnetic. 
foree, or the traces which colloidal systems retain of 
all the modifications to which they bave been mb- 
jected, of other similar phenomena offen adduced an 
Instances of inorganic memory, and al due visply 
to the persistence of definite elects after the camies 
‘hich produced them have ceased to operate. 

In other words memory is not “any after-ffect of 
‘external canses," as it is defined by Loeb and those 
‘who, like him, wish to give the word et wide on 
ecabrace us that of the Divise Mercy, but rather the 
eptoduction of dynamical eects without the renewed 
‘id ef the corresponding exterpal conditions and aft 
the oficis dus to hese conditions hevs complelly cease 
jo exist. Tn this sense the mnemonic property 
‘belongs exclusively and peculiarly to lif, 

Our critic amerts that to try to explain the affective 
tendencies by the msemonic property is to attempt 
to explain one unknown by another iminown, On 
this point we must take acte of the meaning which 
‘onitive philosophy aasignn to the word “explain.” 
‘Since the time of Comte, and indeed since the ancient 
Greek philosophers, when we succeed in associating, 
together as similar, phenomena which had previcusly 
appeared sutirdly different, that in itsekt ia an 
explanation, 
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Now we bave striven to show that al the principal 
organi affective teadcocies, however different from 
tach other they seem to uz, can all be comprised in the 
‘one singls tendency of the organism ta waaintain is 
physiological stability, x tendency of which the 
Giflerent afiective tendencies are individual manites- 
tations, We can, of course, soek for an explanation of 
thin fandamental tendency which inclades all the 
others, but even if this were actually inexplicable, the 
fact that we had been able to include wll the other 
tendecciea withia it would, none the less, be an 
‘explanation of these. 

Bot we have endeavoured in tura to compare this 
‘unique comprehersive tendency with otber needs or 
deaires of animals in general and of men in particular, 
which have arisen through the action of habit, and 
‘thus we havo referred all the affective tendencies, 
Doth shorn and acquired, to the maemonic property 
fas we have defined it above. Since, moreover, we bad 
already in previous studies also referred other pur- 
‘poseful phenomene of life, and amongst them the most 
fundamental of all, to this mnemonic propetty— 
from the perfect pre-adaptation of each organism to 
it environment and from ontogenetic development, 
which forms organs mot called on to exercise theit 
functions until the adult stage is reached, on the one 
hand, to the complex instiocts of anizals, which 
provide In advance for their future needs, down to 
‘Simple reflex acts, already so perfectly " mechanised ” 
for the preservation and well being of the organism, 
0 the other hand—we have a perfect right to 
say that we bave “explained” all the purposeful 
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manifestations of life by referring them to the usique 
Phenomenon of wxeaonie reproduction. Thin 
‘Phenomenon, let us repeat, we can content ourselves 
bby defining ts the reproduction by internal causes of 
sronphogenetic end physiclogical phenomena, which 
‘were in the fist instance produend by the action of 
extemal agents. 

‘This grouping of all porposeful manilestations of 
life under one head is, in itseX, « real explanation of 
Chem, even if we were completely dgnorant of the inner 
‘mechanism of this macreonic property, whieh, however, 
we have tried to explain by the theory of specitic 
accumulations, characteristic of that nervors energy 
which wo have assumed to be the basis of all vital 
phezomena, so that our crite does not do us justice in 
‘firming that we have explained nothing at all. 

‘But let ws go on, as our critic demands, to what be 
calls the heart of the matter, to the points which 
embody the faa) divenity between our theocetical 
views. M. Bottazsi seca ot to perceive the radical 
ilference between the simple tendency to extablish 
‘equilibrium with changing external conditions, thet 
‘into say to became adapted to them and the tendency 
to preserve or to restore, afer it is disturbed, a given 
condition of equilibrium, attained in a definite 
cenviroument which has remained unchanged for rome 
i 

“The animat which has satisfied its hunger to-day,” 
ays M. Bottassi, “is diferent from the same eaimal 
which bas amuaged its hunger yesterday, jut as the 
funimal which bas become adapted to a higher 
temperatare is differant fom the same eximel befor® 


co 








MNEMONIC POINT OF VIEW 


the adzptation has occurred.” No, we reply, the 
‘two cases are enilrly diferent: the animal which 
‘has satisSed its hunger has by s0 doing succeeded in 
reatoring its normal physiological endition, and that 
ia why i¢ 20 longer experiences any detice to eat ; 02 
the contrary, the animal placed in a medium of 
higher temperature thaa that to which it in scour 
tomed, will at frst make every posuible effort to 
return to conditions of normal temperature, and thus 
toreatore its former physiological state which bas been 
iaturbed ; and it is only after all ste efirts have 
foiled, that it will establish itsel in a new state of 
phyviological equilibrium with the modified environ- 
‘ment, The animal will retaic for a certain time a 
“longing for the old environment, which wil sil 
allow of its reviving the old state of physilogical 
‘equlibrium now reduced to a potential condition, and 
itn only afte: a much looger period that this longing 
will give place to an ‘*nifeeivity"” (attachment) 
towards this new environment ; this change will occur 
when the new physiological state bas had time to 
deposit « sufficient quantity of mnemonic accumm 
Intion to give rise to the new aflectvity 

‘As far as the faculty of adaptation is concerned, 
Dy which ia meant the power of continually reaching 
‘condition of equilibrium with external frees, I agree 
with Prof, Bottassi, as { have indeed expresly 
aubmitted i the preceding chapter on ” Teleclogisca 
sand Memory,” that there appears to be inthis respect 
no essential diflrence between living and inorganic 
systems, tine thie power of ever anew reaching a 
state of equilitcium with the environment is ¢ 
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ieneral peoperty of energy, shared by all the forma of 
uecgy. What constitutes the difference between 
physicochemical oysters and orgunisms, ia the 
longing for the oid environment, This longing ox 
be observed in organimms even a8 low a8 the pretista, 
4 is akown by their negative reaction to the new 
‘enviroumenut and their postive reaction to the old 
‘ne, & behaviour to blliantly observed and described 
by Jennings, Cootequectly the fastances cited by 
Prof. Bottansi of the tendency, also of inorganic 
‘yntems, to reach a condition of equilibrium with the 
avironment ace icrdevant, beens none of these 
Serpe pon ahi aang Ar ch 4 


Por asunce his epsten, composed of calcium, 
olde of calcium and eacton dionide, which tenches & 
‘new condition of equilibrium when the temperature 
changes, thows co tendency to persist in its previous 
temperatare, whilst Parameciar reacts negatively to 
every tise ot fall of temperature however alight, just 
sus Euglooa reucts negatively to every change tn the 
intensity of foe iWamination of the medium to which 
Iuus become accustomed. 
Bt tt ia Prof, Bottanzi hicaaelf who provides us with, 
an argument against his own thesis, in the example 
‘which he cites, ofthe reaction of the organism to too 
high « presure of carbon dioxide io the blood ; fat 
Whilst « physico-chemical system would simply reach a 
new state of squllibciom with the higher degree of 
pressare, the organism on the contrary reocts by 
stimuli transmitted to the respiratory muscles by an 
sccelerated rhythm af respirations and by deeper 
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respirations, s0 a8 lo expel the excess of carbon dioride 
(and thus fo re-etaMlih i fhe Blood the normal condition 
of equilibrium which Bed been disturbed. 

But, replies M. Bottsasi, this reaction may be 
compared to what would bappen if we heated 
asters, like that cescribed abeve, composed of 
carbonate of eaiciam, oxide of ealcism, and carbon 

ide, if me imaging that the vessel im which i és 
contained wees provided with g valve which would open 
and allow COs to escape when the pressure of this ges 
exceeded 4 contain Kil, 

1 seems to bave completely escaped M. Bottaze’s 
ruotice, that this valve planned and placed in potition 
‘reciely in order to prevent the preseure of carbon 
oxide exceeding » certain limit, is in self o 
Phenomenon which is « parpossfal manifestation of the 
‘uman mind. ‘Therefore the aystezs, which he de 
eribes is indeed an inorganic system, but one which 
Jas been prearranged by man in order to attain 
certain eads, and itis only for this reason that it cant 
‘be compared in certain respects to the purposefutness 
shows by organic systems. Io other words, tbe 
system portalated by Prof. Bottact in & machine, and 
like all other machines, it bears the characteristic 
imprint of the purposefuiness of man, an imprint 
‘which can never be found in metnra inorganic systems, 
‘The comparison, which he institutes between our 
respiratory systess, which tends te maintain invariable 
‘the prenture of carbon dioxide gaa in the blood, and a 
‘machine, oxly brings into stronger relief the purpasetul 
‘character of the respiratory system, 

Let us now deal with the general considecations 
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‘with which Prof. Bottazai concludes is critic. 
“What is really important.” be writes, ‘is to learn 
to know and to explais nataral phenomena, thote af 
‘eychlc life an well ax those of animal and vegetable 
fe, and thote which are manifested in nosliving 
systems, und it seems to me that ia describing them 
‘weshould abstain from attributing to them our ideas 
fof purpose, which are peculiar habit fo our minds.” 
[Now I ask, t not this habit of the human mind aloo a 
Phenomenon pertaining to Ie? By the phrase 
ibich T have underlined does net M. Bottazai himself 
sedi the exentaty prrpoxeful character whichour mind 
‘at uast orurss ? Mereover, this porposetsl habit isnot 
«property belonging peculiarly and exclusively to our 
tminds, sizce all the behaviour of animals from the 
higher exguoiscos most nearly allied to ut, down to 
the very lowest, appears to be quite coraparable with 
‘Our own purposeful behaviour, but even if such a 
“ tinatstic " habit were limited to our minds it would 
onititute « perfect valid parposefulnes of life, the 
tedstenoe of which is thas conceded by ont eit, 

‘The ancient anthropomorphic tendency to see 1202 
fn everything, or at least behaviours enalogous t© 
‘those of maz, us been succeeded by the opporite and 
snot leas dangerous tendency, de entirely 10 the fanlt 
of the laboratory specialists, to forget man, that is to 
say, to forget that man with all his seeds, activities 
and wopirations, exists and ie « fat not les real than 
the precipitation of a salt or the cosgulation of 
catia. 

‘tis true that the biochemists have never had the 
‘opportunity of seeing in their retorts any manifeata- 
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tion of sflectivity, or other purposefal manifestation of 
ie, because the purposeful stare of certain vital 
Phesomena only Yecomes apparent in the reletion 
‘atten acinel phonorana and coisa furs phenomena, 
separated from cach other by « certain inlerosi of fie, 
a1, foc instance, between the formation of the baby’s 
ye in the darkness of the mother’s womb, and ite 
future usa when it wil be exposed to the Sight of the 
outer world, between the preseat behaviour of the 
swallow which builds its mest and the futace mae of the 
rest when the same swallow wil lay its egg in it, 
Ibetween the present act of a ran who is making a 
‘machine and the future use that he will maka of the 
‘machine, The biochemist only observes the mutual 
relations of phenomena which immediately succeed 
‘one another, It follows that, in vite of hin technique, 
Ine never bas the opportunity of observing purposeful 
Phenomena, and therefore he deaies their enistence, 
jost us the coloue-btind man is tempted to deny the 
existence of certain colours. Sooner thas admit the 
utter incapacity of Bis technique to study, or to 
explain the parposefsd manifestations of lite, the 
biochemist gets xd of the question by simply denying 
‘tue existance of thene manifestations which are never- 
theless facts. 

Further, this technique which beings kim into close 
contact with, and tnaches him to know the fully 
formed organism, is not the most suitable to keep 
constantly before his mind the consideration that the 
‘Phenomenal relations which his technique enables him 
rraduallyto discover, 2s due to the mode of working of 
the machine which i the ozgenism, even if they were 
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catirely explicable by the mode of being of that 
machine, confront ws with the osoet fundamental 
problem of all to solve, viz, to explain how the 
‘machine acelin the couree of onbogeny tu constructing 
iteef, Thos, te take the example of the respiratory 
mechanism cited above, whea the physiologist bax 
iscovered that the increase in the preasure of carbon. 
dioxide gas evokes a reaction in the protoplamn of 
certain verve calls situated in the spina) bulb which 
‘thereupon emit stimali to the respiratory rousces, he 
‘imagines that he bas explained the phenomenon of the 
constancy of the pressure of carbou dioxide in the 
blood, and be dows not pececive that the sil more 
{important phenomenon which remains to be explained, 
in the asisience of the muchanisn 20 wel adapted fo 
accomplish this ond. 

‘The fact thet manifentations of purpose are ex- 
slusively peculiar to lle, naturally mede sterile 
‘the explanations of ‘norganic phesomena by phrasen 
implying purpose (as the fe sriviog to reach the sky, 
ature abhorring a vacuum, the syrapathy of oxygen 
for hydrogen and s0 on), but for the very same 
reasons it also render sterile exch attempt to explain, 
the living world by means of physico-chentcal 
expressions. 

This impotence of physics end chemistry to explain 
‘the purposetniness of life, becomes naturslly more 
obvious as we approach the phenomena of the trie 
piychle Ie, in which the signs of parposefuiness 
appear with more brilliant clearness. 

Tt is at this point that some physiologist, and 
amongst them our eric, ane driven inte a comnts and 
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fake refuge io spiritualism : that is to say they 
stinguich sharply between peychical and physlo— 
Jogical phecomena. For justance, Bottaza! expresses 
himself thus: “In my opinion physiological 
phenamens, amongst which I do not reckon frychie 
Phenomena, are, oc wil be, capable of eing cxusally 
explained, just like the phenomena of the inergenic 
‘world Since both are actual processes we cannot 
dest that there is any ensential difference between 
them, Team only discover a diflerence, and that an 
‘emential one, between physical end physiological 
pheoomena, on the oue hand, and peyehle or spiritual 
phevomens on the other. Thus I believe #t pomible 
to be at the samme time # spiritualist in philosophy, 
‘and « now-vitaliat and to deny any purpooe in phy- 
slology.” It ix in these words that Prof. Bottaral 
‘rites to me in the cours of a private and courteous 
isccasion which ins preceded thie public dlecusion. 

[Now [aakif thi admlusen ls nota clear proof ofthe 
danger to which extreme specialism is expored of 
crecting impassable barriers between sciences which 
fare in many ways alied, and that not om account of 
‘the inner nature of the phenomena studied, but on 
‘account of the similar of dissimilar technique ezuployed 
fn the study of them. This procedare makes clear 
the necenity of a synthetic outlook which, overriding 
the imitations of any given technique, will exeble os to 
‘grasp the easental characteristics of phenomena and 
to unite them in a single view, thus castoring to unity 
sciences which have been artically separsted by 
different methods of technique. 

1s it indeed possible, we mey atk, for anyone who 
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views the multitudlzoes eamplexity of organic 
phenomena as a whole to distinguish sharply between, 
physiological acd peychological phenomens? In 
which category re we to place hanger and the other 
fondamental ocganie needs and the sexual ivstinet 
self, which Thave discussed in detailin the chapter oa 
the purposefulness of life? Do they not rather 
constitute the bridge which connects the two 
categories of phenomena, and by which the one variety 
Pulses into the other? Ae they to be considered 
peychical phecooana in man, expecially when they 
are transformed into more complex and more elevated 
Affectivitie, and as physiological phenomena in 
tnimals in whom they manifest themselves by acts 
cof ferocity, by sexual combats and 30 0n ? Should the 
fight of « feightened child be considered at x purely 
peychic phenomenod, whilst thet of « dog at the sight 
of fis master’s whip, or the eflocts of an ameeba to 
escape (rom the interior of another ameeba, 20 beauti- 
fully described by Jeanings, should theve phenomena, 
on the other band, be considered parely physiological? 
Shall wo reckoo 08 paraly physiological the instinct of 
the ant which earties provision for the winter into its 
subterranean abode, whilst we regard as purely 
‘aychological the action of the poor old woman who 
Inboriously collects and carries off the éry branches 
‘which the has fouad by the way-tide in order to make 
‘good blaze? All these are questions, which aot only 
4s the specialist unable to answer, but which never 
‘occur to his mind, just becsuse, I repeat, be does not 
‘cacounter them in his particular laboretory researches, 
but they coatinally taatalise and puztie the synthetic 
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‘thoarist. The theorist might alsa be permitted to say 
that the real fundamental questions are precisely thote 
which the specialist either does not see of which he 
neglects, ond thet the most intimately counected 
problems are just those which the specialist divides 
between distinct sciences, artificially sharply separated 
roa one another. 

Tn view of these circumstances the synthetic theorist 
succeeds, at least, in proving the absolute necessity 
of synthesis for the real progress of seicate, which mast 
consist, let us n0t forget, notin the chaotic amassing of 
minute facts, but in the comprebensive insight into 
their numerous mutual relations. 

Tam, however, most grateful to my fciend, the 
iMlustrious physiologist, for bis detailed and penetrating 
citicisms, which have enabled me to state more 
clearly my conceptions of biological eynthesis, 


After having thas set forth and defended the 
explanation of the purposeful or finalistic manifer 
tations of Hfo which is provided by the mnemonic 
theory it remains to be shown that this theory is also 
capable of accounting for the equally porposefal 
phenomena of he ming. Tt is only when this task has 
been accomplished that we shall be cble to state that 
wwe have really acquired a comprehecsive unitary view 
of both life and mind. Tt isto this task that we shall 
devote ourselves in the two following cbapters with 
which this work will couciude, 


CHAPTER Xi 
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Warn the paychologist undertakes to study such «, 
difficult problem as the functioning of theintelligence, 
‘it is absolutely necessary that he should eve clearly 
‘that his tasks fist, the preliminary work of analysing 
the more complex peychic phenomena into ese 
‘complex ones, and these in turn into others atill more 
Gomentary, watil be arrives at the most elementary 
phenomena of all, by the composition of which all 
‘other prychie phenomena are formed, and secondly, 
syathetic work in which, starting from these elements, 
‘he endeavours to show how all the most complex 
eooueucaieeen ts netee 
T have attempted to do in my work entitled “The 
Psychology of Reasoning.” In this work, beginning 
with the most complex paychic phenomenon af all, 
which is reasoning, we proceed with our analysia until 

ri oe aa il is Fa 
soli cae Sis Sere 
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‘woreach the two mast elementary peychic phenomena, 
‘which resist further psychological analysis, viz. rt, 
the elementary “affective tendencies,” and secondly, 
senzations and memories of sensations, and then we 
show how from the combination of these phenomena, 
all the intelectual functions and faculties are 
derived. 


‘Tus Apructive Texpencres 


‘Wilat sensations and the corresponding memories 
‘of sensations have bees foly studied in thelr diferent 
aspects by an army of philosophers, peychelogists, 
physiologista and anatomists, the tudy ofthe affective 
‘tendencies (not to be confounded with the emotions), 
‘on the contrary, has watil now been almost completely 
neglected, probably bocavse the majocity of observers 
Dave failed to notice the supreme importance of these 
tendencies in all manifestations of thought ; and it ie 
the manifestations of thought dove which formerly 
interested ecientiGe researchers, It in only quite 
recontly and almost exclusively in the domain of 
‘ychiatry, that interest in the affective tendeccles 
Ihas been awakened, and Ribot is the fint who bas 
‘begun, though somewhat obocarely, to catch « glimpes 
of the large part which they play fn all the processet 
of the paychic life, oven ia those that are most levated 
and most complex. 

Tt has, therefore, seemed necessary to us to enquire 
‘with more care than has hitherto been employed inthe 
task, what are the orfgin, nature, and most fondx- 
‘menial properties of these allctive tendencies, tn 
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order better to understand the diferent ways in which 
they enter iota and halp to build up the highest 
{acalties of reason. This is indeed, what we have done 
4m the first chapter of our work alluded to above, 
tnd in the address on “ The Parposefulness of Life,” 
Which we had the honour to daliver i Pura to the 
Cotege of France, and which we hive reproduced in 
Chapters VIII and IX of this book. 

Tu these studies, in which we started with the lowest 
organisms asd then proceeded upwards till wo 
reached man, we demonstrated the existence of three 
oups of affective tendencies, Those of the first 
(oup, wach as banger, thir, the tendency to maintaia 
‘unchanged its own environment, the need of getting 
id of various substances which are either useless of 
onious to the organism, the sexual instinct itself, in 
‘hich is manifested the desire to get rid of the gereainal 
substance and of the dieturbence caused by it, and 
other similar organic “ desires,” “ appetites" oF 
“needs.” aru only so many diferent forms of the 
characteristic tendency of the orguniem to uphold 
ite phyviological stability, that i, to retain ite 
normal physiological state unchanged, and to restore 
this state whon it has been disturbed. 

‘The second group comprises all thore needs, 
appetites and desires which arive at tbe result of habit, 
and in this category we placed, for instance, 
‘the intanse desire which arses for certain relations of 
aymiblosi or parastiam, such as those of mother and 
child, when these relations have lasted for a consider 
able time from such a relation vanternal love bat 
sarin and been developed ; and ic the tame category 
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Delong family afections in general, friendship and 
ther social celations and al the nesds acquired i ife 
by every customary relation to the environment, and 
finally all the most varied “ longings” (“ nostalgiax”) 
and regrets 

‘The third group consists ofthe derivative and com 
posite affective tendencies which have arisen from the 
Aliective tendencies of the two proceding Froups, 
either by way of " aflective transfereaee ” (from the 
‘hole to the part, from the end to the meaas, from 
‘one element of the environment to another which it 
its concomitant, from an object to an asclogous on 
law af transference of Ribot) or by way of the com 
bination of two or more affective tendencien which 
enter simultaneously Soto action. Such component 
tendencies either coulesce completely, or one partially 
odin or inhitite another, thos giving rie to a 
‘unique complex resultect, which according (0 the 
number, quality and intensity ofits cemponents, may 
constitute any one ofthe infsite number of nuances 
of which human foaings are capable 

Further we have sueceeded in showing that al thase 
three groups can be derived from thet peculiar 









0 that it appeared to us that the awak 
tion} of an affective tendency is « kind of mnemonic 
revival, but with properties which are only partially 
analogact to thote of sensory memorice and which are 
partly peculiar to itself. These peculisr properties are 
‘de to the fact of the primitive visceral origin of all the 
‘ost fundamental organic affective tendencies, which 
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coustitute the real foundation of all the affective 
edifes of the peych, 

Our task Is now to show how from this stock of 
affective tendeacies, on the one hand, sod of ecsations 
or revivals of sensations on the ather, thare originate 
‘und develop all the operutions of the intelligence and 
he highest manifestations of thought. 


Tex Exorions, Tax Wa, axp tam ArrEwniow, 


‘We must begin by making 1 distinction, almost 
always neglected by the majority of paychologista, 
Ddetween the aflective teadencies und the emotions. 
‘These latter are only sudden and intense discharges 
of the energy which constitutes the atfective tenden- 
iat, Bach affective tendency, which becomes active, 
strives towards movement, ttt isto aay, lt preseason. 
("impinges on "in Shertington's words) the carte- 
sponding locomotor ocgans, and ths revealsitselt from 
‘the moment of its awakening as « nascent movement. 
i, however, the tendency is excited in a sudden and 
Intense fashion, these is « great outpouring of nervous 
omrgy, which being suddecly released in great 
‘quantity ioundates the organism and floods, aot only 
the path connected with the locometor apparatus, 
‘but many others as wel, giving rise to a visceral 
‘commotion which, according to the wellimown 
‘theory of James, Lange snd Sergi, severberntes 
afterwards in the brain under the guise of en emotion. 
Uf, on the cantrary, the awakening of the affective 
tendency i neither sudden ot too intense, it resus 
‘nly im the stimulation of the necessary muces, 
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‘without any emotion, aod it yilés an ootput of uefa 
‘work which is greater ie proportion to the smaller 
quaatity of the discharge which is wasted i the 
isorderly and useless visceral disterbance which 
‘only produces exotica. 

‘As regards the will, wohave an act of volition every 
‘tne that an“ afletive tendency,” directed towards & 
future end, is successful in overcoming am affective 
teodeacy secking immediate satislaction. Thus, when 
4 man, breathless and bathed in perspiration a8 the 
eralt of a long race, throws hissseit greedily om the 
‘rt spring of water which be finds and begins to 
Asink, he is sot performing a act of wil, but such on 
act is performed by a man who abstains from antistying 
1h burning thirst (rom fear of the future damage (© 
Drinmelf which might result from this satisfaction, Tt 
fn not an act of will when a tired mac throws himself 
down on the ground to rest, but itis such an act when 
4am Alpinist overcomes his fatigue in ordr to reach the 
peak which he is atsiving to climb, The will is 
therefore in essence only an affective tendency of wider 
‘inion and one which inbibite other tendencies which 
fen at more icomadiate satisfaction ; that is why it 
setcltes to action like every other affective tendency. 

‘Attention fs similar to the will soma zespocts nd 
igecent trom it in others; ike the willit isthe retult 
of a conSict of affective tendencies, but tho confict 
cocurs between a primary affective tendency which 
seeks a definite good, snd « secondary tendency which 
fbibita for some time the primary one, from the feat 
that, by aliowing the primary one te become active 
too toon, this tendency will not succeed in attaining 
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the desized end. Thus, the savage acimal which noes 
sts prey approaching it in ignorance of danger, doc 
not at once spring upos its victim, but, though excited 
by the most ardent desire, waits motionless, with all 
‘the murcles which will be used in the future apring in 
‘tension, until the poor animal approaches still noerer 
fund cones within i seach, Likewise the scentige 
‘man, who is observing through a microscope oF 
‘telescope, with great attention,” a given object, is 
moved by the desi: to see a phenomenon which will 
constitute final proof of his theories, oF which will be 
‘great discovery, and be Is at the same time obvatied 
with the fear, when he believes that be sees what he 
in looking for, lest be should be the victim of ax optical 
‘tasion, and itis this fear which prevents hign from 
concladiog too bastily that be bas really seen the 
desired thing. 

‘At a Taclt of the efact which affective tendencies 
Ihave in reviving sensations and ianages when these axe 
in accordance with their aims, and {o enferbling and 
inhibiting secsations and images opposed to them, 
the fact that the object, observed or considered 
“ert attention,” is subjected to two affective points 
of view atthe same time, evidently retults in a greater 
exactitude of perception or recollection. We might 
reuptess this metaphorically by saying that the object 
‘becomes thus exposed, not to one, but to two beams of 
light from two internal reflector, which illuminate it 
‘on several sides at once. The eflect of this isto bring 
into relief a whols series of ptopertics which would 
never bave been noticed if only a single aftcivity 
iad come into action. For this reasa attentive 
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‘observation yiekis mach more exact and precise 
emits than that mada yoder the inffumce of a single 
ffectivity, whilst observation guided by = single 
affective point of view, especially if the adfectivity is 
‘too intense, may yield erroneous results quite diver- 
ent from reality, 


Reasowne. 


I we examine and analyse concrete examples of 
reasoning selected from amongst the most simple and 
familiar ones, ox from amongst those, for instance, 
employed to solve certain tiddles like the clastial ont 
‘of the shepherd, the wolf, the goat, and the cabbage, 
for from amoogat thoss met with in elementary 
‘mathematics like the proof that the sum of the angles 
of a triangle is equal to two right angles and other 
similar problems, reasoting will appear to us to be 
nothing more than a series of intercconmected axperi- 
‘mente conccined, but not actually ferformed. In other 
‘words, it is made up of experiments on a given object 
Of apecial interest to ourselves, which we perform in 
‘nsagination but do not really earry out, because from 
‘the results of similar experiments actually carried 
‘ont in the past, we know beforehand what the cesalt 
‘of each separate experiment will be. The final 
‘experimental result mentally “ observed” or “ deter 
mined," to which this series or chain of merely 
imagined experiments leads up, is In point of tact 
‘the result of the demonstration” or “ the com 
lusion of the reasoning” Thus, for instance, 
when we follow " with the eyes of the mind” the 
merely imagined transportation of a simple pendulum 
209 
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from s cold to 6 warm room, we observe or verify in 
‘our minds, by our memories of experiments actually 
‘Performed in the past on the effect of heet on metalic. 
rods, that the pendulom will increase in Iogth ; and 
bby recalling other experiments also previously per 
formed, we then determine mentally that the pend 
Juz will swing more slowly than before. 

‘Thus we find in this caso that a combication of two 
{imagined experiments and the act of connectiog the 
two comesponding successive mental observations oF 
determinations, of which the second constitates the 
conclusion of this short and simple plece of reasoning, 
‘eusble av to know that the tranrportation of u peor 
alum from a cold to « warm mediam will dow down 
the clockwotk, the speed of which is regulated by the 
pendulum, 

‘Tee pertoa who in reasoniog thinks “with 
attention” is primarily governed by en atfective 
‘tendency, which by means of the revival of suitable 
‘vensory memories imagines and follows the different 
combinations of experiments which he mentally per 
forms cm an object, which at the moment arooses his 
particnlar interest. In a word the individual, who is 
Feasoning follows theimagined viciaaltndesof the object. 
about which he is thinking, in the same feabion, and 
‘with the same interest, as the hunter follows with bis 
@amcot the movements, disappearances, comcealinents, 
Feappearances and other vieimitades of the prey which, 
tne deaices to possess. It is this primary affective 
tendency, always active throaghout the whole coun 
of the reasoning, which constitutes the peychic 
constant which connects together the imagived 
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‘experiments to which the object, which interests the 
reasoning individual, is subjected. It is the greater or 
leas capacity af persistence ofthis alectve tendency 
on which depends the coherence or incoherence ot the 
whole intellectual process when this requires a 
considernble time to reach ite complete development, 
The secondary allective tendency, which at each 
step in attentive reasoning holds the peimery tendency 
in check, it the fear of attributing to each imagined 
cxperimest a rent which would not be exactly the 
fame as would be obtained if the experiment were 
actually carried out. Under the stimulus of this fear, 
an increasing number of more or less similar past 
experiments ere recalled to the memory, and indeod 
by preference those which give antagosistle reel 
to those which might bave been thought of ot fret 
under the influence of the primary desire that the 
retul might be fa one direction rather than in another, 
Tis, thereloce, the continual control exercised by the 
secondary affective tendency to which is due the 
Jogie of reasoning, since logic consists only sa assigning 
to avery imagined experiment the revult which it 
‘wool realy give it it were actually carried out. 
Tasane people with their want of “meatal 
balance which is nothing but want of affective 
cequilbriass—and their extravagent reasoning which 
results from it, poovide a condition ofthe dierent 
porte played in reasouing by the primary and 
secondary afletivitier, There is, indeed, whole 
category of tosane people, the panusoiacs, who, 
Although they manifest the greatest cokence 02 8 
consequence of the very great persistence of the 
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single afectivity, which being always active in them: 
farms tho Kernel sround which their monomania 
revalves, devertheless exhibit tho greatest wast of 
Jogic. Thin In due to the fect thet in them the 
intensity of their primary affective tendeory 1 20 
grat that no secondary affective tendency can arise 
‘which is capable of checking the primary one, even for 
fan instant ; a8 a eansequence, all the results obtained 
by paransiace feom their mental experiments are 
consonant, not with reality, but with what their 
ingle affective tendency desires or fears. On the 
other hand fn maniacs, who show the greatest affective 
instability and variability, in the confused casts, in 
‘whom the paths by which the affective tendencies 
‘exercaa their action of revival, selection tnd inhibition 
of the secsory memories, are blocked, and finally 
in the demands, in whom all awakening of affectivities 
Wn lacking, it is incoherence which constitutes tha 
‘most typical manifestation oftheir peyché, Moreover, 
in draams, eves in those of the normal mae, in which 
the subsidence of the aflectivities which is charac- 
teristic of physiological sleep is not accompanied by a 
corresponding subsidence of sensorial memories, there 
esult a veritable anarchy of dees, because all 
coutrel by the affoctivities has ceased ; and we find 
‘hat it in junt because ofthis extreme incobarence and 
‘want of logic, 50 widely diferent from the mental 
characteristics of the same individual when awake, 
‘that dreams have always aroused the keen interest of 
seychologists, and constituted a problem which until 
now had resisied al attempts at its solution. 

‘We may cow beiedly consider the advantages and 
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isedvantages of onsouing, ax compared with those of 
actual experizaeat, 

First of al we can easily see why, when reasoning 
starts from premises which are fats, it ought to lead 
tm results alse in accordance with facts. Foc if 
‘emoning is nothing but a series of experiment, all of 
which, at Teast io theory, are capable of being 
potformed, but which to save time and labour we 
tecely imagine, it follows that the logical proveat ix 
only reaity self, brought ino action by the imagination 
instead of iw actuat fact. Treretore, it oessen to 
‘bea valid problem of phitosophy to enquire“ how it ia 
[potible that the logical procese abould give a valid 
representation of reality.” 

‘The problem would be a resi one, if, atter having 
‘been in contact with reality ia its premises, reason 
should soar above it, and outside it, only to touch it 
‘aguin at the conclusion. But valid reasoning far from 
Joting contact with reality for an instant, rete vpom 
the solid growed of reality during ait the phases of its 
development 

‘As regards its advantages, oe is very evident, 
uamely, the motmous economy of time and labour 
fected by merely imagining the experiments, instead 
of actually carrying them out. Moreover, it the 
innumerable experiments which reason can perfor in 
the imagination are in theory a3 possible as the 
‘Saular experiments actually performed in the past, 
they are not always capable of being executed fn 
practice, Reasoning can thus perform an infinitely 
larger stumber of experiments than would be possible 
if these experiments had to be really accomplished. 
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Farther, in oortain casos, reesoning bas the advan- 
‘tage over actual experiment ix yielding much more 
general results. If we ascertain by the use of a 
oniometer that the mm of the angles of a given 
‘triangle is equal to two right angles, we can deduce 
aothing at to the sum of the anglet of other triangles, 
‘but by the aetlet of the imagined experiments, which 
constitute the proof of this thearem, we are enabled. 
‘to reach a result which ia valid for all trizogtes, 

Tals in, of the ons band, the coosequence of the 
fact Uhat the penton who is reasoning is impelled, by 
‘the very ontare ef the peychle process which he ix 
Purming, to attribute to the results of his imagined. 
experiments, a0 they take place ia bis mind, a more 
genecal validity than when be bas really axteuted 
‘them in the past, for it is imposible to perform 
experiments in the imagination without attributing 
to them the revults obtained from similas experiments 
sn the past, which ic this menner sppear forthe first 
time to be of broader validity, whilst there was 0 
such necessity incumbent on the observer to give & 
general validity to the sume revult, when he has only 
‘verified it by actual experiment is one or two cates. 
This atttibotion of geveral validity to observed 
facts i the well-known process of induction, which 
fs thus brought into ection by the mere fact of 
reasoning. 

On the other hand, whes we perform imeginary 
periments on a certain object, we cam very rapidly 
perform a very lange number of similar experimests, 
‘varying in slight degree the canditioas, so au to obtain 
sn indefinite nomber of other objects belonging to the 
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same category ts the original object, but differing from 
it and from one another, and when thos we find that 
ail these experiments ad to the same revult, this 
lntter aoquires the broadest possible validity. A 
(ood instance of this is afforded when ia imagination 
we vary in every possible way the incization to two 
parallel Lines of the line extling them, and thos 
Aiscover that io al cas altersate internal angles are 
‘oqual to one another ; another instance of the same 
‘thing in when we aier in every possible way the 
bape of a triangle und Gnd that the transference of 
‘the basal angles, 10 a8 to render them adjacent to the 
stngle ofthe apex, is always poseibie and that the sum 
of the three angles is always equal to two right angles, 

Tt ia this poasiility of comprasting, 60 10 mpenk, 
infinite series of experiments into one experiment, 
which gives to the result, obtained by reasoning, « 
General validity, which the result of an experiment, 
‘which is cctually performed, can never attain, 
‘because such an experiment can only be pestormed 
‘on one particular object. 

Besides, the actual performance of experiments, 
‘whern each experiment can be periormed by itelf, 
ndependently of all the others, involves the rik of 
presenting:he variowresultnof thescexperinentsactn- 
ally made 2s independest of one another, even when 
there is in reality a close connection between ther, 

“Thus, the result of actually measuring theanglesot 8 
‘langle with thegocfometer, and finding that thei 30m 
{sequal to two right angies, gives no information as to 
the dependence ofthis fact on the other fact, which is 
Amowa a8 the postulate of Euclid. On the contmry, 
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reasoning, which does not consist in the imagined 
performance of a single exporimest (for this, if the 
experiment had actually bees performed in the past, 
‘would tell us nothing new, and if it had not been, 
performed we could mot know its result beforehand), 
but the easence of which is 2 ew combinaiion of past 
experiments, svcoweds in presenting Gna results as 
dependent on the results af these expeclmenta fa the 
past and so in demonstrating the bond which unites 
tll these various facts with one another. 

Bot though, in the aspects which we have just 
‘considered, reasoning iv greatly superior to the actaal 
carrying out of experiments, itis in other respects 
‘much interior on account of the rtks of error to which 
by its very mature it is exposed. Since at every Hep 
in the reasoning process i is necessary to generalise in 
the inductive manner the results of definite past 
experiments, there is always the danger of making an 
erroneous induction which would lead to a fnal result 
‘Which would also be ecroneout. At the mame time, 
‘when tha complexity of the combination of imagined. 
cexporimaats exconda a certain Limit, the perton who 
reasons may not be able to follow in his imagination 
all the factors which come into play and their reci- 
[procal effects, and therefore, by leaving some of them 
‘sat of accoust, be may beled to an erroneous rest. 

Granted then these possible sources of error, and 
others also, which are examined in our work alluded to 
above, but which for want of time we cannot deal with 
hhere, we must admit that we can never have absolute 
‘confidence in the result of any combination of imagined 
experiments, especially if it is complex, and it is 
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therefore always mocenany, as John Stuart Ill 10 
Jnstly iiss, to verily the resuli of reasoning, of at 
least some of them, by actual experiment 

Tt way appear at Grst sight that mathematical 
reatoning forms an exception to the role that all 
reasoning is Liable to error. But the greater relative 
conrtainty of mathematics is due to the fact that the 
objects with which it works have been, if not eatiraly 
constructed, at least greatly simplified by the very 
reason which employs them. They aze thus endowed 
with dedutte, simple and well-knows properties vo 
that the risk of erroneous induction is reduced t0 4 
minimum. Further, the dangers resulting fom the 
complexity of the combinations of imagined experi 
‘ments are also diminished, on the one hand, by the 
siraplicty characteristic of elementary mathematical 
reavoaing, which revolts from the fact, that this 
rwasoning has to do with the most vimplifed objects 
‘possible, and, on the other band, bectase in advanced 
‘mathematical reasoning, the operator is safequarded 
by the help atforded throug’ the representation of 
each stage in the rexsosing by suitable symbols. 
‘Then, too, one is rather apt to forget that certeio 
smunthematical reasonings, always the same, have bees 
assed through the aleve of hundreds ond hundreds 
cof generations, and our confidence in theis resolts ix 
largely bused on the infritede of times that they have 
‘een controlled. 

Bat, above all, we must not forget, as everyone 
knows who has made the smallest study of the history 
fof mathematics, that many conclusions of mathe 
‘matical reasoning, even due to the most eminent 
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mathematicians, have been thown later to be errone- 
‘oun, and thus it is clear that it is not true to say that 
mathematical reasoning is not Liable to exter. 

‘There is soother kind of inferiority which many 
Ihave asserted to be pecsBiar to reasonlog, ax compared. 
‘with actual experiment, and that is ita seridy; but 
‘thin Kind of inferiority does not exist. It has been 
anserted that sizos reatoaing must start from given 
premises consisting of kxown fects, and #inoe the 
‘concturion must be implicit in the premizes, reasoning 
can therefore never produce new discoveries. Nothing 
could be more mistakes thas this strange covclasios, 
expecially when ose recalls the manses of new facts 
hcovered by pure reasoning alone, and above all 1 
‘maathennaties, 

‘The ecror has arisen from the failure to pecetive 
‘that the premises, which consist in the aftruation of 
facts which have beea determined in the past, da mod 
tal imply the rombination of thes fori with one wnothor 
4 any giown way. Thos, ithe case albided to sbove, 
tha known fact of the elongation of any given metallic 
rod under the inflsence of heat, and the other well 
ascertained fact that any given pendshum will 
cocilate more slowly than « shorter one, 60 not in ony 
‘ay imply the operation or asporimens of transporting 
4 fondolum from a cold room to « warmer one. This 
transportation has originated a sew historic succssnion 
of events, freely created by my fancy, and this han ted 
‘to the determivation of a wee fert, which can be really 
and properly termed a new discovery, namply, that & 
‘pendulum brought from a cold room into a warm one 
‘wil ovellete anore alowly. This 2, we repeat, the 
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determination of a new fact, which la ia no way 
‘tmplisit in the premises alone, because to determine 
it, it is necessary to pectorm in imagination the 
experiment of « transportation, end there it so 
‘indication of such am experiment in the fremizer, 
So the explanation of ow it comes about that 





rticula, if the conclusion is really implicit in the 
premises, is not reducible to « pure and simple 
tantology (a question which Poincaré propounded to 
himself and which that great mathematician did not 
succeed in answering) isto be sought in the creetive act 
‘of eur fmaginatfon, which, under the stimalas of the 
corresponding afective tendency, calls iato being new 
Listories of things and new combinations of experi- 
‘ments, which, precively becanse they are not contained 
{in the premises, lead to the deesonstration or discovery 
of rally new facts. 

Rewoning, therefore, iu $0 far as it is « chain of 
‘imagined experiments combined with one enother 
in the most various ways, can and does lead to 
dicoverien, exactly an dost a series of experiments 
actually carried out, Indeed, for reasons which we 
‘nave examined in detail in our work sbready cited, but 
which we cannot indicate here, it proves to be inich 
‘more fertile and productive than actual experiment. 


We must now pass to the consideration of the 
higher forms of reasocing in order to show that the 
fundamental nature of all reasoning, which we have 
just sketched, remains uochanged also in them, and 
‘this we shall do in the next chapter. 
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ArTex having in the preceding chapter discussed the 
ature of reasoning in ganeral, it remains for us to 
ceview the different higher forme of it, to which ite 
vontioned dyclstion har gives rise, and firet of al 
‘we shall proceed to examine abstract reasoning. 


Averancr Rrasomina, 


‘The operation of the affective tendencies, which, 
as we have seen, plays euch a large part in the forma 
tion and determination of peychie phenomena, is 
fust as clearly visible in the so-called procenr of 
Abstraction. 

Indeed, it would be exsy to show that every abstract 
concept, from simple common avant to the highest 
abstractions of science, is nothing but an "*aGoctive 
classification” of various objects, semsorially ax 
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‘erent from one another at one can imagins, but 
equivalent to one ancther with regard te a given 
alfectivity, © definite utlitarian alm, or a given 
result which is ether desired or feared. It follows 
‘hat reasoning based on an abetract concept in 
squivalent by itself to all the concrete reasonings 
based om each of the objects ar phenomena. comprised 
im the abstract coucept, and which in the ebsence 
of this concept it would be necessary to make, 
‘These phenomena or objects having thus been 
bora of all their attribotes except the one whlch 
Tenders them equivalent from a given aflective, 
utilitarian of scientific point of view, the corres: 
ponding concept is then represented by « single 
Phenomenon or scbematised object which is just 
‘What changes concrete into abstract reasoning, But 
the imagined operations or experiments with this 
‘object or phenamenoa, thes scbematised, continue 
to appear to the mind as “ raterialy tangible 
fut as much as those of the concrete reavorine. 
‘The formation of new concepts, which implies 
‘the discovery of new cxteguries of cbjects equivalent 
to one another wt regards the results of deGnite 
operations, lds thus to an increase in the nomber 
of experiments of which the raults are kocwn before- 
Ihand, and, in consequence of this knowledge, to 
fen increase of the mumber of experiments which 
van be performed entirely fo the imagination, At 
‘the sama time, the schomatisation of phenomens 
x objects, by making the experiments upon them 
much more elmple, renders easier the mental repre- 
entation of the long series of these experiments, 
sat 
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connected as they are with ope another in the most 
‘varied ways, AS‘ coutequence, for these two reasous, 
‘he final result ofthe pamage from concrete to abstract 
reasoning is the ever wider application of the 
deductive method in science. 

‘Bot fo proportion as the series of imagined ex- 
‘periments beccmes longer and more complicated, 00 
the diticulty of flowing them is increased, if every 
‘Process hax to be performed mentally without being 
‘rupported by any visibie representation. From this 
ificulty there arises the necessity of inventing 
and sing graphic symbols which grow ever more 
complicated, in order to keep before the mind the 
enults of the various experiments which heve to be 
[performed io the imagination, These symbols keep, 
in some sense bodily in view thove revalts which have 
‘been obtained by previous mental combinations 
fund which constitute points of departure for further 
‘combinations ; and so they aid the hmagication in 
Grasping and envisaging with a single glance all the 
interconnected chain of these combications, in- 
lading even the moat complex of them ; is a word, 
Shey serve as a schomalic tangible representation on 
hich the mental frocess as it proceods cam project ita. 

‘All this ayrabotism has thus beex made necessary 
by the increasing complexity aad wider application 
of the deductive method in the socalled exact 
sciences, and it, too, as become moce and more 
complicated til it bas often hidden the trme and 
esuential natare of reasoning ; this mature, which 
consists in being # chain of simple imagined ex- 
‘periments, has nevertheless remained unchanged 
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‘under the veil of obecurity with wAich it hes been 
‘enveloped by syzabelixe, 


Marmmusticar Reasormic, 


‘This, then, what we have striven to proven the 
shapters of car work cited ebove, which are devoted 
to mathematical reasoning, but which we cannot 
find opace to repeat here even in biel mummary, 
‘We shall only mention the four principal atages into 
‘which we have thought it possible to divide thi, the 
Lighest form of reasoning. 

‘The fit stage, vin, thet of direc symbeliem, ix 
that anterior (o the introduction of positive and 
negative aunbest, and in consequence of the direct 
cocreependence between the symbcl and the redity 
which it represent, itis im this stage that the true 
batare of the reasocing process as dreribed above 
is most clearly displayed. The next stage, that of 
ineirach symbolism, after the introduction of postive 
tnd negative somber, since in certain cases it gives 
Fite to "imaginary cumbers,” seems at Sst sight to 
‘sontradict the general cature of reasoning considered 
‘a1 a series of imagined tangible experiments, bot 
thin contradiction vanishes when we notice that the 
imaginary and complex mumbers are voibing but 
the analytic representatives of direction, and. thet 
they alto consequently poses « moshing which i 
empirically tangible mot Jess then the socalled 
“real” mucbers, 

‘The third stage, viz, that af symdelic condensation, 
‘begina with the infiitesinal calculus, and it Is 
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specially characterised by the fact that, whilet in 
dlemestary algebra every operation hat ite mapre- 
seniative symbol, in the calculus diflerent series of 
operations, cach of which may even be made up 
af an indnite series of operations succeeding one 
another in given determinate order, are ropeesaqtd 
Dy vce condensed symbol. The dificultiee in the 
comprehension and we of mathematics which had 
already increased in the pamage from the frst to 
the second stage, are still more augmented as we 
‘pasa to the third stage. This in due to the fact that 
symbolic condensation, even more than indirect 
symbolism, tends to ake the contect between the 
frymbot and the reality which it represents more 
Indireet, to conder thelr mutual ruations more 
complicated and to remove thas the solid support 
siven to the person reasoning, when he can toe clearly 
at every moment behind the symbol the tangible 
‘emnpirical operations which this represents, and which, 
Iheco nt befora comatitute the essence of the reasoning 
procens, 

‘The fourth stage, finally, is what we have termed 
the stage of symbolic inversion : it is particularly 
interesting because by introducing and developing. 
tha custom (very wlefil in certain cases) of giving 
Geometrical names by way of analogy to purely 
algebraic expressions to which there is no carrer 
‘ponding geometrical reality, in a word, by creating 
4 geometry of four or more dimensions, it bax given 
ite to & veriteble mathematica! metephysic or 
‘mysticim, Forgetful of the ends which this symbolic 
inversion haa been invested to serve, certain mathe- 
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‘suaticians have attempted to give a geometrical or 
Physical meaning, of which our intelligence is unable 
(o form the dimmsest conception, to oertals algebraic 
‘expressions whith by symbolic inversion have received 
(Geometsical acd physical names. This mathematical 
Islaphysic bas received a oew lease of life by the 
appaurazce of Einstein's theory of relativity, in 
Which Einsteia spent, at if they really corresponded 
to something real, of a four-dimensional “space,” 
im which the fourth dimension is time, of the 
curvature” af our three dimensional space, of 
 teasors of this four dimensional space and 10 00, 
So long as the relativists persist in materialising 
uch abadows aad in afirming the physical reality 
of their purely algebraic entities, which in the eyes 
of these mystics became mysterious transcendental 
substances, they will be certainly not jostiied it 
ousting that they bave svoceeded in “ explaining" 
‘the phenomena for wiich the theory itself has been 
constrvcted. “Explaining,” in the peycbological 
sense, meacs obtaining certain facts by the mentel 
combination of ether simpler and more familiar 
facts, Now, if in onder to explain certain physical 
‘astronomical phenomena, we have recourse to 
‘space of four dimensions, to e “curvature ” of 
four spice and to other sicilar conceptions, which 
aot only are not familar to us, bot which our mind, 
formed as it has been by ow Enclideas thnee 
mensional space, is unable to picture even in the 
moet distant way, this is certainly not to give ax 
explanation at all. The theocy of relativity, vo far, 
fas remained & purely mathematical construction, 
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corresponding to which there must be come physical 
reality seeing that some of its roraite neem to have 
‘boeu confirmed by experiment or observation. But 
the task of the ralativists now is to seek to dlacover 
{m what this physical reality comsists, so as to render 
it capable of belng grasped by our imagination. It 
is omly when they have succeeded in doing this that 
they will have the right to claim that they have 
really “explained” the facts, for the explanation of 
‘which their theory was invented. 


Sruocime ax Marupuartcat Lote, 


‘We have already seen that reasoning, tn so far 
4 ft is & comuscted series of imagined expeciments, 
necessarily knvalves for each of there a process of 
induction, by means of which the revatts, obtained 
bby cartain experiments actually cared out in the 
ast, are generalised 80 as to be applicable to the 
sinilar particular experiment which at the moment 
4 being imagined. Ouce this combining of imagined 
‘experiments bes been accomplished by the voo- 
atroctive taney, and wo have thus been eoabled to 
follow the various vicineltudes of the object tn which 
‘wo are interested, our attention, which has hitherto 
been concentrated on the creative act of reasoning, 
‘may be directed to the path followed by this reasoning, 
4n order to control and verify by the careful recall a 
(petvona] memories, whether st every step in the 
procees the result attributed to each experiment is 
really cotrect, thet is, whethec each of the inductions 
‘on which the reasoning is based is fgitimate. Thos 
af 
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we obtain a diffrent mode of distribution of the 
attention, which servas to render explicit each of 
these inductions, that is, to bring each of them in 
‘tum into atrong taiel ax the premise of a ryitegice, 
‘which ts nothing but the assigeing of a given cbject 
to 0 certain clans, or the inchusion of « whole cass of 
‘objects witain another class. The mental procedize 
4s brieGly aa follows ; this or thst object, or al the 
‘objects of this or that class, having been exbeitted 
to a given experiment, are found to poses the 
characteristics of this or that other class, 

Tt follows tbat reasoning ascumes in this phase 
the ayllogistle form, which consists of deSanite clnsit- 
catory operations, such as inclusions, reunlons, and 
‘ntervections of ‘clasees, performed on materials 
produced and presented to the mind by the precedent 
creative acts don ta the constructive fancy. This 
form of deduction based on operations with clases, 
into which any kind of ressoxing rosy be transformed, 
1s nothing but the formation of a kind of catalogue 
of the results of definite experiments, after these 
Ihave beea mentally exacuted by the creative imagina 
tion. It resembles the anatomical dissection of ax 
organ altar the faction of the organ bus built up 
cs complicated strocture. In other words it ip 
atic method of considering the rasalts of « dynamic 
process. 

‘The fact that, owiog to the induction which tes 
At thie base of all reasoning, it is possible to dimect 
aay given piece of ressocing into operations of 
{inclusions or reunions or intersections of classes, allows 
‘us to regard these operatioas as experiments of 

my 








BIOLOGICAL MEMORY 


ener] kind applicable to all kinds of reasoning. 
‘At the mame tine, they ate clessiicatary operations 
familias to every day experience, such as that of the 
‘contained content,” of which we all know the 
remalts beforehand, and which consequently may 
at once be carried cut mentally. 

‘These mental operations of inchusions, reunions 
‘and intersections of classes consequently give rise 
‘to resalts of a general character, valid for all Kinds 
of reasoning considered in their static aspect. To 
‘this extent, they embody “ the fundamental principles 
fof reasoning" and constitute “pare logke"’; in 
other woeds, they are a universal mode of retsoming 
«applicable to al posible cases, which constitute merely 
so many particular applications of these principles. 
Lasguage with ite propositions und eyllogistic pro- 
cemea on the one hand, and mathematical Togic 
‘with its symbols and its algebraical transformations 
‘on the other hand, each striving to expresa adequately 
‘these operations on classes, constitute together 
“formal logic,” that is to say, the form which clothes 
ate loge in words or in algebeaical symbols, 

Great were the hopes to which this investiture of 
the old classical logic with 2 form similar to that of 
‘mathematics gave rise in the first phases of its de- 
velopment ; for the resemblance of external forms 
raised the hope that the productivity of the mew 
‘mathematical logic would equal or surpass the 
amarvellocs productivity of the mathematical cactus, 

But disappointment was xot long in coming ; it 
cond not be otherwise, as we bxve eatly demonstrated 
in our work cited above. For if muthemetical 
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Joga, in aa far agit almed at becoming a apstem of 
‘teuc-ideographle transcription for international com 
Prehenalan, to be wed eapecally in mathemetical 
treatises, us it was by Prof. Peano and some few 
other mathematicians, seoms to have atteined the 
ord for which it was introduced (an end of which 
‘it in cany to exaggerate the importance, covaldeing the 
few individuals who make we oft) and itt may some- 
tinea be of ute a8 rigorous control of logical resaam- 
ing, It was easy on the other hand for us to demonstrate 
‘that since it gives no support to the creative imagina- 
ton, it is condemnnd by its very natare to complete 
sterility as a method of discovery of fresh truth; 
and wo insisted that it consequenty peychologically 
quite erroneous to expect from logical symbolism, 
even in small degree, the immense advantages which 
‘the fatroduetion of symbolism has conferred on 
‘mathematica, 


Twrewnowat, Reasomme: Disteric AND 
MaTAPayotes, 


‘Whilat in the forms of reasoning previously 
examined, which we may term productive or com 
atructive, the object of the person reasoning in either 
to predict by a suitable series of imagined experiments, 
‘hat is by means of certatn histories of things fashioned 
bby his constructive imagination, the results which 
‘will follow from some of his actions, or, in a more 
general way, to discover hitherto unkxown truths, 
‘hat is new derivations of one set of phenomena from 
another, in “intentional reasoning," on the other 
29 
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hand, the pereom reasoning does not seek to discover 
what the froth is, bot strives to demonstrate the 
validity of definite afiemstions which he is much 
concerned to upheld. 

‘Moreover, whea the reasoning individual fashions 
by his creative fancy mew combinations of imagined 
experiments, as he does fo the forms af reasoning 
which we Bave previously examined, he constructs 
thus new histories of things und discovers—if only 
‘mentally—teal pew facts, which earich the stores 
of homan knowledge, just as much at does the re- 
earcher in the laboratory with the experiments 
which be actually carries out. But when a person 
reasoot “intentionally.” he seeks Ieee to discover 
new facts than to classify or present well-known 
Phenomena in one manner rather than in another. 

tis easy to demonsteate the clusifcatory character 
of dialectical reasoning, coe of the two fandamectsl 
varietia of “ jntantional reasoning.” especially if we 
choose far our example the dialectic of the bar, in 
‘which all the eforts of the person reasoning are 
irected towards placing a gives individual or a given, 
fact in one rather thes in another of the pigecn- 
hholes of that great distsibuting bureau of human 
and social facts constituted by the civil and penal 
codes of law. 

Tt faliows thet, wherees in coustractive reasoning 
the spliogism bas only the secondary function of 
controlling the legitimacy of the various inductions 
‘on which the reasoning is being boilt up, in dialectical 
reasoning, on the contrary, the syllogism takes om 
‘a part of primary importance, camely, to direct tbe 
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attention of the bearer or reader solely to those 
Attributes of the object or phenrmenon under com 
ideration which reader it capable of being placa 
in the class in which the person reesoning desires to 
ut it. Ta other words, the sylogiem appears to 
Ihave the purpose of leading the hearer or reader ta 
form one" mental perception” of ths object rather 
‘than another—or, better expressed, to lead him to 
complete his meatal pecoeption of it in the direction 
‘which particulary interests the peri who is reason- 
ing, sinee this ‘* mental perception " xo completed will 
ead to the desired clasifeation of the object in 
‘avestion, 

‘The aim of the primary adlective teodency becomes 
im this case to recall, seieet and maintain before the 
‘mind only those atrtibates of the phesomenon or 
‘object which complete the desired “meatal percep- 
tion,” whilst the function of the secondary affective 
‘tendency is now no longer to recall, select, and 
cecxphesize other attributes contrary to thoee which 
are desired, a8 it does in the case of constructive 
reasoning, but rather to watch, lest any attzibate 
might be overlooked which eight help inthe desired 
lussifcation, and that oo attribute inconsistent with 
the devired thesia might be uccidestally recalled. 

‘In intentional reasoning two antegocistic larsficae 
tions of presentations, upheld respectively by two 
opposing dialecticans, have each its definite end 
to serve, It follows that in the majority of dinputes 
of this character it is by oo means necessary that 
‘one or the other af two contradictory sficmations 
should be true and the other false, os is the case in 
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‘constructive rensouing where © given combimation 
ca analy lead to one deSsite result. Since the two 
Oppitcd statements are retlly two “ directed” 
revivals of memories, two different “choles,” it 
entirely depends on the end sought for, which ia to 
tbe preferred to the other. 

"Thus thare is am essenta} peychologtcal difference 
Detween canstractive and dialectical reaoaing, Bat 
its just the identity of the syllogistic investment 
‘with which both are clothed (one im am accessory, 
‘the other in « necemary way}, which bas hitherto 
prevented peychoiogiats’ from discovering and 
‘emphasising this essential difference. 

Metaphysical reasoning, which is the otber form 
‘of “intentional” reasoaing, seeks, like dialectical 
‘easoning,to attain an end and purmaeait by analogous 
methods. Metaphysical reasoning is thon also « 
proces of intentional presentation, but instead of 
dealing, Uke dialectical reascning, with definite 
phenomena, it socks to attain a comprehensive 
‘lew of the entire miverse (Weltanschauung) which 
‘Ql conform to the deepest desiree of the humen 
‘taind, The atdent aud isresatihle desire to represest 
the world to himself und to otbers mot as it is, but 
aus be would Like it to be, is what deives the meta- 
physidan to transcend reality, to place hieuaalf 
outside it, und even to deny it in order to constroct 
sand uphold his system. 

Consequently, dieing in this respect profoundly 
{rom the positivist, he feels the necessity of penetrating 
into the “ emestial sature”" of phesorens, in oder to 
\Gacover oF to create the Wusion of discovering some 
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inteligent and purposetal cause of these phenomens 
ox which be would ike to ser reality based. He 
‘in unable to discover, either in immediate experience 
‘or in the “material representation of reality pro- 
vided by science, any satisfaction for his particular 
aspirations, und. regarding not unjustly scentise 
‘experiments and theories as 60 many diaproott of 
what he would fria see existing, he exerts all bis 
stresgth to transcend the expiical barriers which 
‘lock the passage to his aspirations, and be harboues 
the illusion that reason and reasoning cin svooeed 
in this task by the use of ” transcendental concepts,” 
“All, however, Ubat he suoceeds im doing, as we have 
(tied to show in our work cited above, is to borrow 
concepts from reality and thes to empty them of the 
freater part of thelr cotent so as to make them 
ftcenable to the greatest posible elasticity of ine 
terptetation, in order ts avoid their too obvious 
collisions with reality. 

‘These concepts thin deprived of any relation to 
wal phenomena, these idets thus dematerialised 
which, just (or that reason, eventually become totally 
unintelligible, serve to provide the metaphytician 
with the illusion that he bas transcended expeciene® 
tnd ban discovered outside it that condition of the 
aiverre which is tonl loogs for. 

‘There is no other form of reesoning in which the 
primary impoctance of the allective tendencies in 
their function of guiding and modelling the operations 
‘af reason appears with greatec clarity than in meta~ 
physics 
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Concresion, 


‘Tae Fowcnoxme of Iermuscewce mm RELATION 
70 TEE PURPOSEFOLXESS OF Live 


1 remaias for us to examine how ull the diferent 
forms of our mentality are due to the affective 
‘tendencies, how for instance positiviets and meta 
physicians, synthetic and analytic, intaltive and 
Ingial, clasica! and romantic sands, all owe their 
diferent intellectual qualities tothe atlectiye peecar- 
dtlan of thelr peyshe, But here again we moat refer 
to our work mentioned ubove, io order to past on 
to deaw the general cooclusion from al! that bas 
tone before. 

‘Thin conclusion 46 as fellows 

The opentions of our intelligence are entirly 
made up of the recipeocal actions of two primary 
fundamental activities of our peychd, vi., emery 
activities ané affective activities, The fist consist 
4a smasations and the simple tinemockc reall of 
sansationa, the second in the aspirations ox striving 
ot ou minds towards deBnite coda. It follows 
that Chose facuitiea which have hitherto bea com 
nidered by the majority of philosophers to be of 3 
psely intellectoal character, such as attention, 

imagination, caatifcation, abstraction, reasoning, 
coberence, lagicality, citiciom, and so os, appear £9 
to be nt bottom of ex aficctive natere. 

‘Affective activity seems, therefor, to vs to sage 
itl with sll the manifestatics of omr thought. 
‘Ona might even term this aBective activity the 
sole constructive power of our mind, which, using ax 
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materiale the simple memories stored in our sensory 
‘umemonic accumulations, erects all the edifices 
a reeson rom that of the lowest snimal to that of 
the man of Tofty geaiun, 

‘Bot this allective faculty which thus reveals itself 
to us as at once tho mighty builder, awakener, guide 
and moderator of our intelligence, is in its tum a 
‘manifestation of the maemonie property which in the 
fundamental characteristic of all living substance ; 
nay, more, it is tts most characteristic and direct 
muanifestation. 

Consequently, the ninemoaic faculty which has 
appeared to us av yielding an explanation of the 
tnont fundamental biological plunomena which exhibit 
erposefuiness : from the predetermined morpho- 
logical adaptation of organisms, from ontogenctic 
evelopment which constructs organs which can 
cnly full theie function in a future adult state, {rors 
the inheritabiity of acquired characters of which 
ontogenetic developmest and phylogenetic evolution 
are the results, down to the mat simple and smott 
“mechanised reflexes so well preadapted to the 
preservation of the individual, and to the most 
‘complex instincts ia virtae of which eximals provide 
for future environzuental conditions of which they 
‘know pothing, this seme faculty now rcveals itsll 
a the explanation of all the roost varied manifeste- 
‘Sons of our payctic life 32 well 

‘As Archimedes requited only « folcrum for his 
lever ia order to move the world, 6o the mnemonic 
property—which at Bottom {6 nothing more than 
the power of reproducing by intermal cause the 
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sane physiologicel states as were at frst produced 
Dy the forces of the external world—is alone auficieat 
0 enable vital energy to gi sive to all the character 
{istic purposeful manifestations of life, fociuding the 
‘whole thinking and reasoning apparatus of the aol. 

Te is, therefore, exclusively chis mnemonte property 
Which ‘gives to life its parpotetul sspect which 
Giderentiates it essentially from every phenomenta 
of the inorganic world, since it alone is moved, not 
only by forces “a tere,” but also by forces “a 
pain 

‘The aim which man, moved by bla aGective tea 
eccies, strives to atta‘n, the envirecment which the 
animal prepares to meet by the complex behaviour 
‘of its inatinet, the environmental cocditions to 
‘which the orgaa of the e=sbryo formed in the snaternal 
‘om will become adapted, act now ax “pulls from 
in front ” (ois fronte) because they acted as "vit @ 
fergo"” in the past. since the physioiogical activities 
then evoked in the orgasiom by these extersal circum 
stances, have left behind them, as traces of Usemselves, 
‘pnemonic eccumulations, which now are what con- 
Aitute the real and effective “wis 4 tere,” which 
directs ana actuates the developmest, the instinct, 
and the whole conscious conduct of tbe liviag being. 

‘And all the operations of intelligeace put in action 
bby one or other of the primary affective tendencies, 
continually controlled by the secondary affective 
tendency of the corresponding state of attention, 
‘unpelied by the interest in defiite objects to peaform, 
oa them & series of imagined experiments, and 
then guided, still by affctivities, to pass trot the 
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ost rudimentary intaitive and concrete forms 
of reasoning to the most devated and abstract 
varieties of scientific deduction, sometimes held to 
‘the solid ground of the real by watchful prudence, and 
someticres driven by deep snd irresistible feeling 
to the most nebulous metaphysical speculation, all 
thew varied, complex and proteiform functions of 
‘the intelligence are at once the highest and the most 
characteristic manifestations of the purposeful aspect 
of Life, 
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‘mental nature, but which are sharply distinguished 
from thote which beloog to the physioochanical 
world. 

In the midst ofthe age-iong strife between vitalistico- 
wunimistic theories and physico-chemical theories, 
tach vainly seeking fram opposite standpoints to 
explain the enigma of life, the mnemonic theory 
eprenents 2 iddle point of view which we may term 
vitalitico-energetic, which takes into coasideration 
And endeavours to reconcile the contradictory aster 
tions of these two opposite theories ot life. 

‘At the sume time, the hypothesis of mnemonic 
accumulation, sided by the supplementary hypothesis 
of a" centro-epigenesia,” that is, of « “formative 
radiation trom a centre,” allows us to catch a glimpte 
of the mechanism of the inheritance of acquired 
characters, and thus deprives the struggle for existence 
nud natural selection of their appearance of being the 
sole and inevitable means by which organic evolution 
‘ean continue to progress. 

‘Anoording to this mpemovic theory, tha incessant 
efforts of living beings to adapt themselves ever 
Detter to external conditions no longer appears #8 
«4 vain labour of Sisyphs, which must be bofun anew 
by every fresh generation; but, on the contrary, 
‘we becosse comrizced that every victory of life, every 
success obtained in its effort to make 2nd maintain 
1 place for itsell, and to expand amongst the other 
forms of energy of the physico-chemical cotot, far 
from being lst, becomes couverted inta a permaneat 
els, 

Consequently, whilst in the evolution of the in- 
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‘ganic world, we find only a simple trensformetion 
cof one mode of being into another which is only 
substituted far the preceding one, so that no pest 
condition persists as an active ageat ia the futue, 
the evolution of the ongasic world, on the contrary, 
fs u continual progress. This progress consists in 
more and moce pectect adaptation, and therefore in & 
progressively greater expausion end ictensiGcation of 
‘is latest“ intruder " which fs Lie, Into the general 
energetic system of the universe 

‘Thus, in the evolution of apecies, we encounter a 
continually greater complication and periection of 
morphological stroctare, ever better ftted to triomph 
over the adverse contingeatis of the external wotld, 
‘and in the complex instincts of animals we contemplate 
‘with admiration the differest progressive vasities 
of behaviour stereotyped in their finest detalls, by 
means of which animals ever better provide ln advance 
foe future conditions of the eovironment of which 
they know nothing. 
, in man, we bebold a morphological eirutore 

viewed in its entirety, isthe most complicated 
nod perfect fo the whole organic world, and which 
includes the beais, ax organ of inteignoce of ever= 
increasing sine. The importance ef this organ and 
‘af its function, the intelligence, is so great that it 
nearly succeeds ia reversing the conditions of adapta 
ton of life to the enviromment. For whereas in 
animals adaptation s purely passive, io the seate 
{at the animal becomes changed in accordante with 
‘the environment, iz man adaptation becomes an 
active proces, is the sense that man, by the ai of 
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science and technical still, adapts the enviroomeat 
to himself. It is perhaps not yet posslle fally to 
forsee the future consequences of this reversal of the 
‘process of adaptation in their influence on the greater 
expansion and intensification of life. 

This enormons development of the intelligence, 
‘hich has mucceeded in opening an impassable chasms 
between men end other animals, implies, us we have 
Already seen, as antecedent or concomitant or subse- 
quent phenomena, the most varied complications of 
the affective tendencies, in which the vital activity 
manifests itself in the most iotease manter. At 
the same time, it impels man to develop his social 
Hfe aod to extend and intensity his relations 
with his fellows Thus is brought inte being, for 
the first time with the appearance of mas, the 
(ihical conception, both to its individual and social 
aspects, 

Now, if we eoquire ic what, in its final xoclysia, 
the casence acd progress of individwal morality 
‘onsiats, a itis customarily preached and understood, 
‘we find that ite aim is nothing more than the har- 
moniovs development and satisfaction of the affective 
substratum of our pryche, and it i Ukewise in the 
‘barmonious development and satisfaction of the 
various personal desires and individual interests of 
All the mambers of the community that the progress 
of social morality consists. 

‘There sti remains, indeed, mach disharmony and 
reciprocal inhibition between many of our affective 
tendencies; the contest of our inner passions it 
atten tragic; there is umually « confict between 
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the desire for immediate pleasure, especially for 
cexcenive pleasure of the sensual Find, and the desire 
to escape future ills and pains both physical and 
amoral ; there is also w confit between the deverish 
‘pursuit of present material Blewings and the longing 
for apisitnal benefits which can only be atiaiped in 
the future. Now, individual morality progreasen in 
‘Proportion us it cax replace these conticts by the 
‘ereatett posible karmany of cur affective nature, 
find this affective harmony can only be attained by 
‘education and manitests itself in the petco and 
happiness of the individeal. 

In the mime way, we find want of harmony and 
‘antagonism betweec the interests of the various 
individuals o¢ groupe of individuals who cantend 
with ooe another within the bosom of the soclety. 
‘The egoistic interest of the individual is often opposed, 
to the collective interests. Capitalist explatition 
‘of the worcng class bas prodoved the tivery, sulfering 
‘and brutalisation of a iaqge part of that clast, and 
in consequence has given rise to class-conflict which 
van easily degenerate into clus hatred; and the 
ooihict of national interests ban Jet Sooge tbat curse 
cof humanity, fratricidal war between the mations, 
Now social morality, in vo far sit is embodied in 
the sopeeme principles of equity—whether these be 
expressed by the Tex Commandments, the Gospel 
recepts, or the categorical imperative of Kant— 
‘ogremes in proportion as it suoceeds io teplecing 
‘these conflicts by the greatest posable harmony of 
individeal interests, both with those of other im- 
Gividvals and with those of the comunity, and 
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‘ths in promoting the grestest happiness of the 
(Greatest umber of our fellows. 

‘We thus sce that the principles of individual 
morality and those of social justice are directed 
towards asaisting the fundamental tendency of life 
towards its own preservation asd expansion, and 
‘that in the final analysis they may be summarised 
in the lewening of suffering, which is euspenicn, 
“arrest, or censation of life. Imevery act of benevolence 
(of of justice, which strives to replace with eoncard 
conflict which was the cause of suffering, we obey 
‘this fundamental biological tendency, and we identify 
ourselves with all living beings We no Jonger 
live our ogoistic and meen individual lives, but we 
lpitate in unlson with the quivering joy of all life, 

Let us strive thea to mingle our own lives and 
hose of our children and our other denrest inemen 
‘with the great river of all life, without stopping the 
least portion of it in order to make room for ourselves, 
‘Do nat let us seek our happiness at the expeute 
of that of others, but let wx work so that oar weal 
shall be all addition and profit to the common stock, 
‘withoot anything to be takea away or added on the 
obit tide. Let us pride ourselves not im being suff 
lent only for ourselves, but in contributing to the 
‘utmost extent of our ability to the increase of the 
‘well-being and bappiness of others, 

Do net Jet us descend to our particular acts of 
‘benevolence or of justice by starting fram too abstract 
‘2 categocical imperative, the juttibcation of which 
‘we may perhaps search for in vain, but let us, om 
the contrary, rise step by step towards the ideal of 
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‘this imperative, Ddegioning with humble cots of 
goodneat or elementary deeds of justice, the reason 
for which it sever occurs to ut fo ask cortelves, 
because in the relict of our neighbour's suffering and 
in the new joy which we have afforded him, we feel 
the pulse of our own Jives accelerated and 
strengthensd. 

Do not Jet this goal seem to ut too modest, for, 
‘as | unlimited ls the amount of human sufering at) 
‘to be unsuaged, namberiess are the social confcts 
st to be reconciled, and long is the path still ta be 
‘traverted and bard are the battles to be fought befora 
we micceed in astabliahiog a ayntem of true social 
justice and of complete peace between all nations, 

‘Do not let ux be discouraged by the apparent vanity 
of our efforts or by the brevity ol our lives. The 
mnecionic property of the biclogical organism, which, 
is reflected and reinforced in the social crganisn, 
Tings it about that every scientise or technical 
iscovary which constitutes an advance in the adapt 
ton of ife to any given environment, every act of 
@vodzess oF of justice which replaces a vital condict 
‘with « new vital Barmony, every new creation of the 
Artist which exclten feelings of sweetness and love 
‘even in hostile minds, far from being lost with the 
death of its author, pernists 24 ap ective agent in 
the future, far beyond our ephemeral material ex- 
istence. The discoveries of Volta and Watt, of 
Jenoer and Pasteur, stil help to augment human 
happiness and diminish suffering; the ward of 
Crist is still heard, loftly severe or infinitely sweet, 
(9 & demand for justice or a3 a plea for peace amongst 
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sen who rend each othe for mere material interests 
A melody of Helil stil awakens in a thousand 
fouls the sume weet emotlon, which delighted 
Bellial hlmasel in the momeat of his eublime in- 
spirstion, That which constituted the real and 
exquisite easence of the minds and bearts of these 
feat men survives sii) end preserves its character 
Intact, even though centuries have elapsed since 
‘their bodies crambied to dust. 

‘But even more tumble lives, whether they are 
Sevated to the production of new material means of 
existence and comfort, adapted to make the en 
vironment more favourable to the preservation, 
expansion amd elevation of human life, or whetber 
they are enguged in the propagation of sxinatise, 
technical, hygienic or economic traths vontiituting 
‘more perfect adaptations of man to his environment ; 
‘even any act of goodaess, Rowever bumble end 
‘unnoticed, which succeeds in awakening in some 
foal the enducing sweetness of a feeling of gratitude, 
even the most aimple act of justice which succeeds 
in permanently extinguishing 2 desire for vengeance 
or & feeling of hate, even the most modest mutieal 
pestormance which has caused » note of teaderatas 
fr of aspiration towards the ideal to pulsate amidst 
‘ough murtoundings stil far from being eevates—none 
of these humble deeds, which are wall within the 
powers of the most modest iodividual, are never 
‘otally loa, sisce the mnemonic property of the bio- 
gical and social life preserves them and adds them 
cone ta another and sends them forth to echo, ever 
<inpensing good, to the mext distant centuries. 
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BIOLOGICAL MEMORY 


ach one of ms, a2 we may s0 express it, can ths 
scquire for what constitutes the very essence of his 
toad an intensity and duration of survival, pro- 
portiouste to the eltruistic revuit which his efforts 
Ihave achieved, and, to the sume way, each one cm 
‘id in prolonging the spiritual existence of his dear 
dead ones, and im fecling them live again in him, in 
Proportion ws his actions and feelings are inspired 
bby those of their feelings and acts which are the most 
‘beoetical for future generations. 

‘Therefore, whllst the metaphytlcian and the bulievar 
feel the need—which we must all espect—of seeking 
the support and inepiration of their conduct in some 
Being, outside themseives end immensely greater than 
they, Who inows sad wills, Who, 1s they think, 
‘pursues His own eternal purpoce nd directs the 
‘Whole universe towards this end, the positivist, who 
does not subject reason to feding and who canzot 
accept by am act of fuith that which his setson thows 
Trier to be false and even absurd, is able to look 
serenely in the face of reality ax it actually appeara 
to him. In vain the positivist has searched the in- 
‘aximste world : be bas been totaly usable to diacover 
fn it any signs cf purpose ; but he does not rebel 
‘against this discovery, us do the metaphysician and the 
Deliever, rather be socepts it with rexignation, the 
‘more readily, as he finds to hia own nature, and even 
‘more securely, the supreme reason for his conduct 
and the very support of his ie. He discovers it— 
indeed le feels tin the joyous quivering of all Life, 
‘a minute but vigorous paise of which is in himself, in 
his flesh and blood, and in his mind and soul. 
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THE HORAL PROBLEM 


In submitting to the inexorable laws of bis own 
nature in harmonising hia ie with all te, in posecaeing 
te conscioveness of having dome all tht was humanly 
‘potable to increase the opportunities for lifein genera, 
‘to diminish the sufferings and pafos of his fellows, and 
to cause 1m litle more justice and lore to prevail 
amongst men, he succeeds in finding in the response 
‘made to him by the Inner voice of his conscience 
‘the deepest and sweetest satisfaction, and he becooes 
pertuaded that not im vain has bees lighted for him, 
ven if only foe « beie natant, the tore of life, 
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